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PREFACE  TO   SEVENTH  EDITION 


The  author  wishes  to  reiterate,  with  even  greater  emphasis, 
the  statement  made  in  the  second  paragraph  of  the  preface  to 
the  sixth  edition.  There  are  few,  outside  of  railroad  circles, 
who  realize  the  great  work  which  is  being  accomplished  by  the 
American  Railway  Engineering  Association.  Much  of  this  work 
has  been  done  during  the  past  five  years.  One  of  the  notable 
features  is  the  work  of  the  Special  Committee  on  "  Stresses  in 
Track."  A  very  condensed  account  of  the  work  of  this  Com- 
mittee is  given  in  the  new  added  Chapter  XXV.  Numerous 
corrections  aijd  revisions  have  also  been  made  throughout  this 
edition  to  make  it  conform  to  the  decisions  of  the  recent  con- 
ventions of  the  Association. 

Some  of  the  more  important  changes,  additions,  or  develop- 
ments of  subjects,  which  have  been  made  in  this  edition,  are  as 
follows: 

(a)  The  shrinkage  of  embankments  and  the  subsidence  of  sub- 
soil under  them — Chapter  III. 

(6)  Laws  governing  the  life  of  ties;  developments  in  sub- 
stitutes for  wooden  ties — Chapter  VIII. 

(c)  Rails;  present  status  of  specifications;  testing;  life  of 
rails;  failures;  intensity  of  pressure;  rail  wear — Chapter  IX. 

(d)  Rail  joints;  causes  of  failures — Chapter  X. 

(e)  Water  tanks;  principles  of  construction — Chapter  XII. 
(/)  Yards    and    terminals  ;    hump    yards;     grades — Chapter 

XIII  (nearly  rewritten). 

(g)  Train  resistance;  resistance  of  passenger  cars,  freight  cars; 
resistance  through  switches — Chapter  XVI. 

(h)  Stresses  in  track,  in  rails,  ties  and  ballast;  static  and 
dynamic  stresses — Chapter  XXV  (new). 

Walter  Lorinq  Webb. 

Philadelphia,  Pa., 
Dec,  1921. 
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CHAPTER  I. 

RAILROAD  SURVEYS. 

Thb  proper  conduct  of  railroad  surveys  presupposes  an 
adequate  knowledge  of  almost  the  whole  subject  of  railioad 
enfrineering,  and  particularly  of  some  of  the  complicated  ques- 
tions of  Railroad  Economics,  which  are  not  generally  studied 
except  at  the  latter  part  of  a  course  in  railroad  engineering,  if 
at  all.  This  chapter  will  therefore  be  chiefly  devoted  to  methods 
of  instrumental  work,  and  the  problem  of  choosing  a  general 
route  will  be  considered  only  as  it  is  influencea  by  the  topog- 
raphy or  by  the  application  of  those  elementary  principles  of 
Railroad  Economics  which  are  self-evident  or  which  may  be 
accepted  by  the  student  imtil  he  has  had  an  opportunity  of 
studying  those  principles  in  detail 

The  student-engineer  should  be  warned  against  the  hasty  and 
inadequate  surveying  which  has  resulted  in  so  much  miscon- 
struction in  this  country.  This  kind  of  surveying  was  especially 
common  forty  or  fifty  years  ago,  and  the  methods  have  more  or 
less  continued.  The  demand  for  railroad  facilities  was  then  so 
urgent  that  lax  methods  were  tolerated.  A  general  route  would 
be  selected  which,  at  first  sight,  seemed  most  obvious  and  it 
would  be  immediately  staked  .out  in  a  manner  suitable  to  a 
location  survey.  After  correcting  some  of  the  most  glaring 
faults,  the  survey  was  considered  complete  and  the  road  was 
constructed  accordingly.  The  cost  of  such  a  survey  is  compara- 
tively, small,  but  it  is  almost  inevitable  that  the  line  is  not  as 
good  ea  could  have  been  obtained  with  a  greater  amount  of 
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examination  and  study.  The  cost  of  construction  and  the 
future  cost  of  operating  such  a  line  is  always  unnecessarily  high. 
The  money  wasted  in  construction,  plus  the  capitalized  value  of 
the  annual  waste  in  future  operating  expenses,  is  frequently  a 
hundred  times  the  cost  of  the  extra  study  and  surveying  which 
would  have  avoided  these  faults.  This  has  been  unquestionably 
proved  by  the  innumerable  cases  of  reconstruction  of  portions 
of  old  lines  which  could  have  been  constructed  originally  on  the 
lines  as  revised  at  even  less  cost.  The  engineer  is  not  always 
responsible  for  ill-advised  hasty  work.  An  impatient  Board 
of  Directors  often  insists  on  commencing  to  **  throw  dirt  '* 
before  a  proper  survey  has  been  made.  The  engineer  should 
make,  if  necessary,  the  most  earnest  representations  and  even 
strenuous  demands,  that  he  be  given  the  requisite  time,  oppor- 
tunity and  money  to  conduct  his  survey  in  such  a  manner  as 
to  investigate  thoroughly  every  possibility  for  improving  the 
alinement. 

A  railroad  survey  ordinarily  consists  of  three  parts:  (a) 
the  reconnoissance;  (6)  the  preliminary  survey,  and  (c)  the 
definite  location.  As  explained  later,  circumstances  may  modify 
the  relative  importance  of  these  divisions,  but  under  ordinary 
circumstances  all  three  are  necessary. 


RECONNOISSANCE   SURVEYS. 

I.  Character  of  a  reconnoissance  survey.  A  reconnoissance 
survey  is  a  very  hasty  examination  of  a  belt  of  country  to  deter- 
mine which  of  all  possible  or  suggested  routes  is  the  most  prom- 
ising and  best  worthy  of  a  more  detailed  survey.  It  is  essentially 
very  rough  and  rapid.  It  aims  to  discover  those  salient  features 
which  instantly  stamp  one  route  as  distinctly  superior  to  another 
and  so  narrow  the  choice  to  routes  which  arc  so  nearly  equal 
in  value  that  a  more  detailed  survey  is  necessary  to  decide 
between  them. 

A  map  should  be  prepared,  at  a  scale  not  smaller  than  one 

mile  to  the  inch,  which  should  show  all  general  routes  which  are 

conceivably   possible.     It   is   particularly   important   that   the 

mere  lack  of  data  should  not  exclude  consideration  of  some 

ral  route  which  might  be  superior  to  the  one  or  more  obviou3 

vhich  have  already  been  picked  out. 
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2.  Selection  of  a  general  route.  The  general  question  of 
running  a  railroad  between  two  towns  is  frequently  a  financial 
rather  than  an  engineering  question.  Financial  considerations 
usually  determine  that  a  road  must  pass  through  certain  more 
or  less  important  towns  between  its  termini.  It  is  also  pos- 
sible that  there  may  be  certain  topographical  features  in  any 
route  between  two  determined  towns  on  the  line,  such  as  a  low 
saddle  in  crossing  a  ridge  or  a  difficult  crossing  of  a  large  riverj 
which,  with  the  towns,  may  be  considered  as  control  points,  and 
the  problem  may  be  narrowed  down  to  the  determination  of 
the  best  route  between  these  consecutive  control  points.  But 
care  should  be  taken  that  control  points  are  not  too  hastily 
considered  as  fixed  and  unalterable,  especially  if  it  results  in 
very  unfavorable  grades  and  ahnement  between  consecutive 
points. 

The  reconnoissance  survey  should  include  the  determination 
of  the  location  and  relative  elevations  of  all  these  control  points. 
These  data  should  be  obtained  with  sufficient  accuracy  to 
compute  the  necessary  ruling  grade  and  the  general  character 
of  the  aUnement,  and  the  map  as  thus  amplified  should  be 
studied  by  comparing  the  several  possible  routes  and  elimin- 
ating all  those  which  are  unquestionably  less  favorable  than 
others. 

The  engineer  should  avoid,  especially  in  a  rough  and  wooded 
country,  the  influence  that  an  existing  highway,  or  even  a  path 
through  the  woods  or  of  a  clearing  of  the  trees,  may  have  in 
determining  the  choice  of  routes.  Mere  ease  of  travel,  as  long 
as  it  is  not  glaringly  wrong,  has  caused  many  prepossessions  in 
favor  of  a  certain  route,  when  a  much  better  line  could  be  obtained 
by  plunging  through  the  woods  or  over  swampy  or  rocky  ground. 
As  a  first  trial  in  selecting  the  route,  the  bearing  of  a  line  joining 
two  consecutive  control  points  should  be  determined  and  then 
an  effort  should  be  made  to  find  a  general  route  which  will  have 
the  least  possible  variation  from  that  straight  line,  without  sac- 
rificing the  limits  of  ruling  grade,  curvature  and  general  type 
or  cost  of  construction  which  may  have  been  fixed  for  the 
road. 

A  difficult  line  between  two  control  points  should  be  studied 
by  beginning  at  either  end  for  two  independent  studies.  The 
very  obvious  route,  starting  from  A  toward  B,  may  lead  into 
very  difficult  construction,   which  may  be  avoided  by  com- 
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mcncing  at  B  and  finally  reaching  A  on  a  route  which,  while 
practicable,  would  not  be  considered  attractive  when  starting 
from  A.  . 

When  a  railroad  runs  through  a  thickly  settled  and  very  flat 
country,  where,  from  a  toix)graphical  standpoint,  the  road  may 
be  run  by  any  desired  route,  the  '*'  right-of-way  agent "  some- 
times has  a  greater  influence  in  locating  the  road  than  the 
engineer.  But  such  modifications  of  alinement,  on  account  of 
business  considerations,  are  foreign  to  the  engineer's  side  of  the 
subject,  and  it  will  be  hereafter  assumed  that  topography  alone 
determines  the  location  of  the  hne.  The  consideration  of  those 
larger  questions  combining  finance  and  engineering  (such  as 
passing  by  a  town  on  account  of  the  necessary  introduction  of 
heavy  grades  in  order  to  reach  it),  will  be  considered  in  later 
chapters. 

3.  Valley  route.  This  is  perhaps  the  simplest  problem.  K 
two  control  points  to  be  connected  lie  in  the  same  valley,  it  is  fre- 
quently only  necessary  to  run  a  line  which  shall  have  a  nearly 
uniform  grade.  The  reconnoissance  problem  consists  largely  in 
determining  'the  difference  of  elevation  of  the  two  termini  of 
this  division  and  the  approximate  horizontal  distance  so  that  the 
proper  grade  may  be  chosen.  If  there  is  a  large  river  running 
through  the  valley,  the  road  will  probably  remain  on  one  side 
or  the  other  throughout  the  whole  distance,  and  both  banks 
should  be  examined  by  the  reconnoissance  party  to  determine 
which  is  preferable.  If  the  river  may  be  easily  bridged,  both 
banks  may  be  alternately  used,  especially  when  better  alinement 
is  thereby  secured.  A  river  valley  has  usually  a  steeper  slope 
in  the  upper  part  than  in  the  lower  part.  A  uniform  grade 
throughout  the  valley  will  therefore  require  that  the  road  climbs 
up  the  side  slopes  in  the  lower  part  of  the  valley.  In  case  the 
"  ruling  grade  "*  for  the  whole  road  is  as  great  as  or  greater 
than  the  steei>est  natural  valley  slope,  more  freedom  may  be 
used  in  adopting  that  alinement  which  has  the  least-  cost — 
regardless  of  grade.  The  natural  slope  of  large  rivers  is  almost 
invariably  so  low  that  grade  has  no  influence  in  determining  the 
choice    of   location.     When   bridging   is   necessary,    the   river 


*  The  ruling  grade  may  here  be  loosely  defined  as  the  maximum  grade 
ch  is  permissible.  This  definition  is  not  strictly  true,  as  may  be  seen  later 
n  studying  Railroad  Economics,  but  it  may  here  serve  the  piupose. 
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banks  should  be  examined  for  suitable  locations  for  abutments 
and  piers.  If  the  soil  is  soft  and  treacherous,  much  difficulty 
may  be  experienced  and  the  choice  of  route  may  be  largely 
determined  by  the  difficulty  of  bridging  the  river  except  at 
certain  favorable  places. 

4.  Cross-country  route.  A  cross-country  route  always  has  one 
or  more  summits  to  be  crossed.  The  problem  becomes  more 
complex  on  account  of  the  greater  number  of  possible  solutions 
and  the  difficulty  of  properly  weighing  the  advantages  and  dis- 
advantages of  each.  The  general  aim  should  be  to  choose  the 
lowest  summits  and  the  highest  stream  crossings,  provided  that 
by  so  doing  the  grades  between  these  determining  points  shall 
be  as  low  as  possible  9-nd  shall  not  be  greater  than  the  ruling 
grade  of  the  road.  Nearly  all  railroads  combine  cross-country 
and  valley  routes  to  some  extent.  Usually  the  steepest  natural 
slopes  are  to  be  found  on  the  cross-country  routes,  and  also  the 
greatest  difficulty  in  securing  a  low  through  grade.  An  approx- 
imate determination  of  the  ruling  gtade  is  usually  made  during 
the  reconnoissance.  If  the  ruling  grade  has  been  previously 
decided  on  by  other  considerations,  the  leading  feature  of  the 
reconnoissance  survey  will  be  the  determination  of  a  general 
route  along  which  it  will  be  possible  to  survey  a  line  whose 
maximum  grade  shall  not  exceed  the  ruling  grade. 

5.  Mountain  route.  The  streams  of  a  mountainous  region 
frequently  have  a  slope  exceeding  the  desired  ruh'ng  grade.  In 
such  cases  there  is  no  possibility  of  securing  the  desired  grade 
by  following  the  streams.  The  penetration  of  such  a  region 
may  only  be  accomplished  by  "development" — accompanied 
perhaps  by  tunneling.  "Development"  consists  in  deliber- 
ately increasing  the  length  of  the  road  between  two  extremes 
of  elevation  so  that  the  rate  of  grade  shall  be  as  low  as  desired. 
The  usual  method  of  accomplishing  this  is  to  take  advantage  of 
some  convenient  formation  of  the  ground  to  introduce  some 
lateral  deviation.  The  methods  may  be  somewhat  classified  as 
follows: 

,  (a)  Running  the  line  up  a  convenient  lateral  valley,  turning  ' 
a  sharp  curve  and  working  back  up  the  opposite  slope.  As 
sho^vn  in  Fig.  1,  the  considerable  rise  between  A  and  B  was 
surmounted  by  starting  off  in  a  very  different  direction  from 
the  general  direction  of  the  road;  *then,  when  about  one-half  of 
the  desired  rise  had  been  obtained,  the  line  crossed  the  valley 
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and  continued  the  climb  along  the  opposite  slope,  (b)  Switch 
back.  On  the  steep  aide-hill  BCD  (Fig.  1)  a  very  considerabl 
gain  in  elevation  vaa  accomplished  by  the  switchback  CD 
The  gf^'i  in  elevation  from  B  to  D  is  very  great.  On  the  othe 
hand,  the  speed  must  always  be  slow;  there  are  two  compleb 
stoppages  of  the  train  for  each  run;  all  trains  must  run  back 
ward  from  C  to  D.  (c)  Bridge  spiral.  When  a.  valley  is  » 
narrow  at  some  point  that  a  bridge  or  viaduct  of  aaioonabli 
length  can  span  the  valley  at  a  considerable  elevation  above  tb 


bottom  of  the  valley,  a  bridge  spiral  may  be  desirable.  In  Fig. ; 
the  line  ascends  the  stream  valley  past^,  crosses  the  stream  « 
B,  works  back  to  the  narrow  place  at  C,  and  there  crosses  itsel] 
ba^'ing  gained  perhaps  100  feet  in  elevation,  (d)  Tunnt 
spiral  (Fig.  3).  This  is  the  reverse  of  the  previous  plan.  I 
implies  a  thin  steep  ridge,  so  thin  at  some  place  that  a  tunnc 
through  it  will  not  be  excessively  long.  Switchbacks  ani 
spirals  are  sometimes  necessary  in  mountainous  countries,  bu 
they  should  not  be  considered  aa  normal  types  of  coastruction 
A  region  must  be  very  difficult  if  these  devices  cannot  b 
avoided. 
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On  l^to  I  are  shown  three  separate  ways  (as  actually  con- 
Btructed)  of  running  a  railroad  betnecn  two  points  a  little  over 
three  miles  apart  and  having  a  difference  of  elevation  of  nearly 
1100  feet.  At  'A  the  Centra!  R.  R.  ot  New  Jeraey  runs  under 
the  Lehigh  Valley  R.  R.  and  soon  turns  off  to  the  northeast  for 
about  six  miles,  thcD  doubles  back,  reaching  D.  a  fall  of  about 
1050  feet  with  a  track  distance  of  about  12.7  miles.  The 
L.  V.  R.  R.  at  A  runs  to  the  westward  for  six  to  seven  miles, 


then  tunu  back  until  the  roads  are  again  close  together  at  D, 
The  irack  distance  is  about  14  miles  and  the  drop  a  Uttle  greater, 
mnce  at  A  the  L  V.  R,  R.  crosses  over  the  other,  while  at  D  they 
are  at  practically  the  same  level.  From  B  to  C  the  distance  ia 
over  deven  miles.  From  A  directly  down  to  D  the  C.  R.  R.  of 
N.  Jf.  runs  ft  "gra^-ity"  road,  used  exclusively  for  freight,  on 
which  coiB  alone  are  hauled  by  cable.  The  main-line  routes 
are  remarkable  eiamplcs  of  sheer  "development."  Even  as 
conatxueted  the  L.  V.  R.  R.  has  a  grade  of  about  95  feet  per 
mile,  and  this  grade  has  proved  so  excessive  for  freight  work 
that  the  company  has  constructed  a  eu\roS  (not  shown  on  the 
m^)  which  leaves  the  main  line  at  il,  nearly  parallels  the 
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C.  R.  R.  to  Cy  and  then  running  in  a  northeasterly  direction 
again  joins  the  main  line  beyond  Wilkesbarre.  The  grade  is 
thereby  cut  down  to  65  feet  per  mile. 

Rack  railways  and  cable  roads,  although  types  of  mountain 
railroad  construction,  will  not  be  here  considered. 

6.  Existing  maps.  The  maps  of  the  U.  S.  Geological  Survey 
are  exceedingly  valuable  as  far  as  they  have  been  completed. 
So  far  as  topographical  considerations  are  concerned,  they 
almost  dispense  with  the  necessity  for  the  reconnoissance  and 
''first  preUminary"  surveys.  Some  of  the  State  Survey  maps 
will  give  practically  the  same  information.  County  and  town- 
ship maps  can  often  be  used  for  considerable  information  as  to  the 
relative  horizontal  position  of  governing  points,  and  even  some 
approximate  data  regarding  elevations  may  be  obtained  by  a 
study  of  the  streams.  Of  course  such  information  will  not  dis- 
pense with  surveys,  but  will  assist  in  so  planning  them  as  to 
obtain  the  best  information  with  the  least  work.  When  the 
relative  horizontal  positions  of  points  are  reliably  indicated  on  a 
map,  the  reconnoissance  may  be  reduced  to  the  determina- 
tion of  the  relative  elevations  of  the  governing  points  of  the 
route. 

7.  Determination  of  relative  elevations.  A  recent  description 
of  European  methods  includes  spirit-leveling  in  the  reconnois- 
sance work.  This  may  be  due  to  the  fact  that,  as  indicated 
above,  previous  topographical  surveys  have  rendered  unnecessary 
Uie  "exploratory"  survey  which  is  required  in  a  new  country, 
und  that  their  reconnoissance  really  corre3ponds  more  nearly  to 
our  preliminary. 

The  perfection  to  which  barometrical  methods  have  been 
brought  has  rendered  it  possible  to  determine  differences  of 
elevation  with  sufficient  accuracy  for  reconnoissance  purposes 
by  the  combined  use  of  a  mercurial  and  an  aneroid  barometer. 
The  mercurial  barometer  should  be  kept  at  "headquarters,"  and 
readings  should  be  taken  on  it  at  such  frequent  intervals  that 
any  fluctuation  is  noted,  and  throughout  the  period  that  observa- 
tions with  the  aneroid  are  taken  in  the  field.  At  each  observa- 
tion  there  should  also  be  recorded  the  time,  the  reading  of  the 
attached  thermometer,  and  the  temperature  of  the  external 
air.  For  uniformity,  the  mercurial  readings  should  then  be 
"reduced  to  32°  F."  The  form  of  notes  for  the  mercurial 
barometer  readings  should  be  as  follows : 
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Time. 

Merc. 
Barom. 

Attached 
Therm. 

Reduction 
to  32°  F. 

External 
Therm. 

Corrected 
reading. 

7. -00    A.M. 
.15 
;30 
:45 

29.872 
.866 
.858 
.860 

72° 
73.5 
75 
76 

—  .117 
.121 
.125 
.127 

73° 

75 

76 

77 

29. 7.55 
.745 
.733 
.723 

The  corrections  in  column  4  are  derived  from  Table  XI  by 
interpolatioQ. 

Before  starting  out,  a  reading  of  the  aneroid  should  be  taken 
at  headquarters  coincident  with  a  reading  of  the  mercurial. 
The  difference  is  one  value  of  the  correction  to  the  aneroid. 
As  soon  as  the  aneroid  is  brought  back  another  comparison  of 
r^ulings  should  be  made.  Even  though  there  has  been  con- 
siderable rise  or  fall  of  pressure  in  the  interval,  the  difference 
in  readings  (the  correction)  should  be  substantially  the  same 
provided  the  aneroid  is  a  good  instrument.  If  the  difference 
of  elevation  is  excessive  (as  when  climbing  a  high  mountain) 
even  the  best  aneroid  will  "lag"  and  not  recover  its  normal 
reading  for  several  hours,  but  this  does  not  apply  to  such  dif- 
ferences of  elevation  as  are  met  with  in  raUroad  work.  The 
best  aneroids  read  directly  to  -^  of  an  inch  of  mercury  and 
may  be  estimated  to  y^^  of  an  inch — ^which  corresponds 
to  about  0.9  foot  difference  of  elevation.  In  the  field  there 
should  be  read,  at  each  point  whose  elevation  is  desired,  the 
aneroid,  the  time,  and  the  temperature.  These  readings,  cor- 
rected by  the  mean  value  of  the  correction  between  the  aneroid 
and  the  mercurial,  should  then  be  combined  with  the  reading 
of  the  mercurial  (interpolated  if  necessary)  for  the  times  of 
the  aneroid  observations  and  the  difference  of  elevation  ob- 
tained. The  field  notes  for  the  aneroid  should  be  taken  as 
shown  in  the  first  four  columns  of  the  tabular  form.  The  "  cor- 
rected aneroid"  readings  of  column  5  are  found  by  correcting 
the  readings  of  column  3  by  the  mean  difference  between  the 
mercurial  and  aneroid  when  compared  at  morning  and  night 
Colunm  6  is  a  copy  of  the  "corrected  readings"  from  the  office 
notes,  interpolated  when  necessary  for  the  proper  time.  Column 
7  is  similarly  obtained.  Col.  8  is  obtained  from  cols.  4  and  5, 
and  col.  9  from  cols.  6  and  7,  with  the  aid  of  Table  XII.  The 
correction  for  temperature  (col.  11),  which  is  generally  small 
imless  the  difference  of  elevation  is  large,  is  obtained  with  the 
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Time. 

Place. 

Aneroid. 

Therm. 

Corr. 
Aner. 

Corr. 
Mere. 

7:00 

Office 
JO 
saddle-back 
river  cross. 

29.628 
29.662 
29.374 
29.548 

73** 
72° 
63«» 
70* 

29.75& 

7:10 
7:30 
7:50 

29.789 
29.501 
29.676 

29.748 
29.733 
29.720 

aid  of  Table  XIII.  The  elevations  in  Table  XII  are  elevations 
above  an  assumed  datum  plane,  where  imder  the  given  atmos* 
pheric  conditions  the  mercurial  reading  would  be  30".  Of 
course  the  position  of  this  assumed  plane  changes  with  varying 
atmospheric  conditions  and  so  the  elevations  are  to  be  cob-^ 
sidered  as  relative  and  their  difference  taken.  See  **  Tecfanio 
of  Surveying  Instruments  and  Methods,"  Prob.  28,  by  Webb 
and  Fish;  John  Wiley  &  Sons.  Important  points  should  be 
observed  more  than  once  if  possible.  Such  duplicate  obser- 
vations will  be  found  to  give  surprisingly  concordant  results  even 
when  a  general  fluctuation  of  atmospheric  pressure  so  modifies 
the  tabulated  readings  that  an  agreement  is  not  at  first  apparent. 
Variations  of  pressure  produced  by  high  winds,  thunder-storms, 
etc.,  will  generally  vitiate  possible  accuracy  by  this  method. 
By  "headquarters"  is  meant  any  place  whose  elevation  above 
any  given  datum  is  known  and  where  the  mercurial  may  be 
placed  and  observed  while  observations  within  a  range  of  several 
miles  are  made  with  the  aneroid.  If  necessary,  the  elevation  of 
a  new  headquarters  may  be  determined  by  the  above  method, 
but  there  should  be  if  possible  several  independent  observations 
whose  accordance  will  give  a  fair  idea  of  their  accuracy. 

The  above  method  should  be  neither  slighted  nor  used  for 
more  than  it  is  worth.  When  properly  used,  the  errors  are 
compensating  rather  than  cumulative.  When  used,  for  example, 
to  determine  that  a  pass  B  is  260  feet  higher  than  a  determined 
bridge  crossing  at  A  which  is  six  miles  distant,  and  that  another 
pass  C  is  310  feet  higher  than  A  and  is  ten  miles  distant,  the 
figures,  even  with  all  necessary  allowances  for  inaccuracy,  will 
give  an  engineer  a  good  idea  as  to  the  choice  of  route  especially 
as  affected  by  ruling  grade.  There  is  no  comparison  between 
the  time  and  labor  involved  in  obtaining  the  above  information 
by  barometric  and  by  spirit-leveling  methods,  and  for  reconr 
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Temp,  at 
headqu. 

Approx. 
field  read. 

Approx. 
headq.  read. 

Diff. 

Corr.  for 
temp. 

DiflF. 
elev. 

76 
77 

192 
467 
297 

230 
244 
256 

-   38 
+213 
+  41 

-(+  2) 
+  (  +  10) 
+  (+  2) 

—  40 
+223 
+  43 

noissance  purposes  the  added  accuracy  of  the  spirit-leveling 
method  is  hardly  worth  its  cost. 

8.  Horizontal  measurements,  bearings,  etc.  When  reliable 
maps  are  imobtainable,  rapid  exploratory  surveys  become  essen- 
.tial.  Since  accuracy  is  sacrificed  for  rapidity  in  such  surveys, 
more  or  less  approximate  methods  are  used.  "  An  experienced 
saddle-horse,  whose  speeds  at  his  various  gaits  have  been  learned 
accurately  by  previous  timing,"  is  quoted  from  Beahan  *  as 
one  means  of  rapidly  measuring  distances.  The  percentage  of 
probable  error  is  evidently  large.  A  pedometer  (or  pace- 
measurer)  is  probably  mof e  accurate,  but  its  accuracy  depends 
on  a  knowledge  of  the  average  length  of  the  observer's  pace. 
Due  allowance  must  be  made  for  the  fact  that  the  length  of  pace 
will  vary  very  greatly  depending  on  whether  the  surface  is 
smooth  and  level,  or  is  plowed  ground,  or  marshy,  or  slippery,  or 
consists  of  rough  boulders  covered  with  moss,  or  is  a  wilderness 
of  brambles,  fallen  trees,  bogs,  etc.  It  will  also  depend  on 
whether  the  observer  is  fatigued  or  is  in  fresh  physical  condition. 
Under  such  a  variety  of  conditions  the  counting  of  steps  for  long 
distances  is  sometimes  a  farce.  Even  when  the  surface  is  fairly 
smooth  and  easy,  precautions  must  be  taken  that  paces  are  not 
counted  during  the  pauses  at  important  points  while  bearings 
are  being  taken  and  other  data  recorded.  An  odometer  which 
records  the  revolutions  of  a  wheel  of  known  circumference  is 
far  more  accurate.  Such  a  machine  has  been  made  so  that  it 
may  be  trundled  like  a  wheelbarrow  and  thus  go  through  the 
woods  and  over  ground  that  would  be  impassable  to  any  horse- 
drawn  vehicle.  The  attachment  of  an  odometer  to  the  wheels 
of  a  wagon  is  very  tempting,  since  it  permits  the  engineer  to 
ride,  but  it  is  probably  an  unreliable  method  for  the  reason  men- 


*  "The  Field  Practice  of  Railway  Location,"  p.  34. 
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tioned  in  Art.  2 — permitting  the  ease  of  travel  over  a 
practicable  for  a  horse  and  vehicle  to  deflect  the  engineer 
his  true  course,  which  is  perhaps  over  rough  ground  whi 
impassable  for  a  vehicle. 

When  the  country  is  quite  open  and  clear  of  underb 
very  rapid  work  may  be  done  by  the  stadia  method,  whi 
many  times  more  accurate  than   any  of  the  methods  p 
ously  mentioned.     Some  of  the  accuracy  possible  with  st 
may  be  sacrificed  for  extreme    rapidity  and   sights  may 
made   1200  and   even  2000  feet  long.     By  taking  very 
if  any,    "  side-shots,''  the    progress    is  very  rapid    and  m 
miles  per  day  may  be  covered,  with   the   advantage  that 
three   elements   of   distance,   azimuth    and  relative  eleva 
may   be   obtained   with   as   great   accuracy  as  is  necesaar:^ 
an  exploratory  survey.     The  method  of  using  the  stadia  wi 
described  later. 

The  bearings  of  the  various  lines  forming  the  skeleton  of 
survey,  and  also  the  bearings  of  the  courses  of  streams  and  of 
lines  from  the  stations  on  the  skeleton  line,  may  be  taken  i 
easily  with  a  prismatic  compass.  I'his  instrument  has  a 
cular  card,  or  sometimes  a  metal  ring,  attached  to  the  nee 
The  edge  of  the  card  is  graduated  into  degrees  and  is  usi 
numbered  consecutively  (instead  of  by  quadrants),  fron 
up  to  SGO"*.  This  is  advantageous  since  the  one  number,  \ 
out  any  quaUfying  letters,  NE  or  NW,  determines  the  quad 
definitely  without  danger  of  confusion  or  error.  The  obse 
sights  through  a  narrow  sUt  in  the  desired  direction  and 
means  of  the  prismatic  reflector,  can  read  directly  the  nui 
of  degrees,  measured  to  the  righty  and  usually  from  the  magi 
South.  The  makers  of  prismatic  compasses  do  not  ab 
number  the  graduations  in  the  same  manner,  and,  therefore 
engineer,  who  is  accustomed  to  one  particular  instrument,  sh 
carefully  study  the  markings  of  any  new  instrument.  In 
case  it  should  be  remembered  that  the  prism  reflects  the  num 
on  that  side  of  the  movable  card  or  ring  which  is  toward  th 
server  rather  than  on  the  side  toward  the  object  sighted  at. 
prismatic  compass  has  the  special  advantage  that,  Uke  a  sexl 
it  can  be  used  when  supported  only  by  hand,  while  an  ordi: 
sight  compass  of  equal  accuracy  would  require  a  tripod,  o: 
least,  a  Jacob's  staff.  The  declination  of  the  needle  in 
section  of  the  country  can  be  readily  determined  with  suffi< 
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«ceuracy  £or  the  purposes  of  fiuch  a  survey.  Usually  the  deeli-. 
nation  may  be  ignored.  Any  errors  due  to  local  attractioB  are 
laever  cumulative,  but  apply  only  to  the  point  where  those  indi- 
vidual observations  are  taken.  The  angle  between  two  Unea 
radiating  from  any  station  may  be  obtained  by  subtracting  one 
^eadng  from  the  aihsir, 

R^ativ^  elevations  may  be  obtained  systematically,  using  a 
l>arometer,  as  already  explained,  but  mnich  filling  in  may  be 
done  with  the  use  of  a  haiKl-level.    Experience  soon  teaches  an 
engineer  that  there  are  many  optical  illusions  about  the  slopes 
'  of  ground  which  have  the  practical  effect  of  making  the  apparent 
fslope  different  from  the  actual,  and,  in  the  case  of  low  grade, 
jtnay  make  an  actual  down  grade  appear  as  an  up  grade.     For 
Jexample,  when  looking  along  an  actual  but  slight  down  grade^ 
|<^specially  if  there  are  no  obstructions  or  natural  objects  which 
jt,he  eye  can  use  as  a  o(»nparative  scale,  the  eye  is  apt  to  forc- 
e's horten  the  distance,  which  has  the  effect  of  lessening  the  appa- 
rent down  grade  and  perhaps  of  making  it  appear  as  a  slight  up 
l^rade.     The  hand  levdi  will  immediately  detect  such  ^rors  and 
its  frequent  use  by  a  reconnoissanee  engineer  will  not  only 
^enable  him  to  avoid  many  errors  he  might  otherwise  make,  but 
.  will  also  be  an  effective  means  of  training  him  to  guard  against 
3  such  optical  illusions.    Such  a  simj^e  and  effective  instrument 
_  should  always  be  at  hand  and  it  should  be  tested  with  sufficient 
/  frequency  to  know  that  it  is  always  as  accurate  as  such  an 
instrument  can  be.     The  bubble  should  be  as  sensitive  as  is 
^  practicable  for  an  instrument  which  is  held  in  the  hand.     A 
^  well-made  hand  level  has  a  bubble  of  the  right  sensitiveness,  but 
,  even  a  super-sensitive  level  may  be  utilized  and  still  better 
,  work  done  by  supporting  it  steadily  on  the  top  of  a  light  wooden 
,  stick  about  five  feet  long. 

I  Q.  Importance  of  a  good  recoimoissaiice.  The  foregoing  instru- 
ments and  methods  should  be  considered  only  as  aids  in  exer- 
cising an  educated  common  sense,  without  which  a  proper 
location  cannot  be  made.  The  reconnoissanee  survey  should 
command  the  best  talent  and  the  greatest  experience  available. 
If  the  general  route  is  properly  chosen,  a  comparatively  low 
order  of  engineering  skill  can  fill  in  a  location  which  will  prove 
a  paying  railroad  property;  but  if  the  general  route  is  so  chosen 
that  the  ruling  grades  are  high  and  the  business  obtained  is  small 
and  subject  to  excessive  competition,  no  amount  of  perfection  in 


14  RAILROAD   CONSTRUCTION.  §  10. 

detailed  alinement  or  roadbed  construction  can  make  the  road  a 
profitable  investment. 

PRELIMINARY  STTRVET8. 

10.  Character  of  survey.  A  preliminary  railroad  survey  is 
properly  a  topographical  survey  of  a  belt  of  country  which  has 
been  selected  during  the  reconnoissance  and  within  which  it  is 
estimated  that  the  located  line  will  lie.  The  width  of  this  belt 
will  depend  on  the  character  of  the  country.  When  a  railroad 
is  to  follow  a  river  having  very  steep  banks  the  choice  of 
location  is  sometimes  limited  at  places  to  a  very  few  feet  of 
width  and  the  belt  to  be  surveyed  may  be  correspondingly 
narrowed. 

But  even  in  such  a  case,  the  width  surveyed  should  be  suffi- 
cient to  include  not  only  every  possible  location  of  "  slope- 
stakes  *'  but  also  should  indicate  the  contours  and  nature  of 
any  soil  which  might  give  trouble  by  sliding,  after  an  excavation 
has  been  made  at  the  base.  It  is  justifiable  and  prop)er  to  survey 
a  belt  considerably  wider  than  it  is  expected  to  use,  for  experi- 
ence shows  that,  while  there  is  generally  but  little  or  no  direct 
utilization  of  the  extra  area  surveyed,  it  frequently  becomes 
essential  to  know  something  of  the  character  of  the  ground 
considerably  to  one  side  of  where  it  was  expected  to  run 
the  line  and  the  inclusion  of  this  area  in  the  original  survey 
has  saved  an  expensive  trip  to  obtain  a  very  small  amount  of 
data. 

In  very  flat  country  the  desired  width  may  be  only  limited  by 
the  ability  to  survey  points  with  sufficient  accuracy  at  a  consider- 
able distance  from  what  may  be  called  the  "  backbone  line  "  of 
the  survey. 

11.  Cross-section  method.  This  is  the  only  feasible  method 
in  a  wooded  country,  and  is  employed  by  many  for  all  kinds 
of  coimtry.  The  backbone  line  is  surveyed  either  by  observ- 
ing magnetic  bearings  with  a  compass  or  by  carrying  forward 
absolute  azimuths  with  a  transit.  The  compass  method  has 
the  disadvantages  of  limited  accuracy  and  the  possibihty  of 
considerable  local  error  owing  to  local  attraction.  On  the  other 
hand  there  are  the  advantages  of  greater  simpUcity,  no  necessity 
for  a  back  rodman,  and  the  fact  that  the  errors  are  purely 

ocal  and  not  cumulative,  and  may  be  so  hmited,  with  care,  that 
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they  will  cftUBe  no  vital  error  In  the  subsequent  location  survey. 
The  transit  method  is  essentially  more  accurate,  but  is  liable 
to  be  more  laborious  and  troublesome.  If  a  large  tree  is  eo- 
countered,  either  it  must  be  cut  down  or  a  troublesome  opera- 
tion of  offsetting  must  be  used.     If  the  compasa  is  employed 


Fia.  4. 

under  these  eirciimatances,  it  need  only  be  set  up  on  the  far  aide 
of  the  tree  and  the  former  bearing  produced.  An  error  in 
reading  a  transit  aaimiith  will  be  carried  on  throughout  the 
survey.  An  error  of  «nly  live  minutes  of  arc  will  cause  an  ofl- 
set  of  nearly  eight  feet  in  a  mile.  Large  azimuth  errors  may, 
however,  be  avoided  by  inmiediately  checking  each  new  azimuth 
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with  a  needle  leading,  tt  is  advisable  to  obtain  true  azimuth 
at  the  beginning  of  the  survey  by  an  observation  on  the  sun*  or 
Polaris,  and  to  check  the  azimuths  every  few  miles  by  asimtitb 
observations.  Distances  along  the  backbone  line  should  be 
measured  with  a  chain  or  steel  tape  and  stakes  set  every  100 
feet.  When  a  course  ends  at  a  substation,  as  is  usually  the  case, 
the  remaining  portion  of  the  100  feet  should  be  measured  along 
the  next  course.  The  level  party  should  immediately  obtain  the 
elevations  (to  the  nearest  tenth  of  a  foot)  of  all  stations,  and  also 
of  the  lowest  points  of  all  streams  crossed  and  even  of  dry  gullies 
which  would  require  culverts. 

12.  Cross«s«cti6ning.  It  is  usually  desirable  to  obtain  con- 
tours at  five-foot  intervals  This  may  readily  be  done  by  the 
use  of  a  Locke  leVel  (which  should  be  held  on  top  of  a  simple 
five-foot  stick),  a  tape,  and  a  rod  ten  feet  in  length  graduated 
to  feet  and  tenths*  The  method  of  use  may  j)erhaps  be  best 
explained  by  an  example.  Let  Fig.  5  represent  a  section  per- 
pendicular  to  the  survey  line — such  a  section  as  would  be  made 
by  the  dotted  lines  in  Fig.  4.  C  represents  the  station  point. 
Its  elevation  as  determined  by  the  level  is,  say,  158.3  above 
datum.  When  the  Locke  level  on  its  five-foot  rod  is  placed  at 
Cf  the  level  has  an  elevation  of  163.3.  Therefore  when  a  point 
is  found  (as  at  a)  where  the  level  will  read  3.3  on  the  rod,  that 
point  has  an  elevation  of  160.0  and  its  distance  froni  the  center 
gives  the  position  of  the  160-foot  contour.  Leaving  the  long 
rod  at  that  point  (a).  Carry  the  level  to  some  point  (6)  such  that 
the  level  will  sight  at  the  top  of  the  rod.  h  is  then  on  the  165- 
foot  contour,  and  the  horizontal  distance  ab  added  to  the  hori- 
zontal distance  ac  gives  the  position  of  that  contour  from  the 
center.  The  contours  on  the  lower  side  are  found  similarly. 
The  first  rod  reading  will  be  8.3,  giving  the  155-foot  contour. 
Plot  the  results  in  a  note-book  which  is  ruled  in  quarter-inch 
squares,  using  a  scale  of  100  feet  per  inch  in  both  directions. 
Plot  the  work  up  the  page;  then  when  looking  ahead  along  the 
fine,  the  work  is  properly  oriented.  When  a  contour  crosses 
the  survey  line,  the  place  of  crossing  may  be  similarly  deterr 
mined.  If  the  ground  flattens  out  so  that  five-foot  contours  are 
very  far  apart,  the  absolute  elevations  of  points  at  even  fifty- 
foot  distances  from  the  center  should  be  determined.    Tho 

^  The  method  ol  making  such  obserYations  is  given  in  the  Appendix. 
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methcN]  is  eKceedingly  rapid.  Whatever  error  or  inaccuracy 
occuTB  is  confined  iu  its  effect  to  the  one  station  where  it 
occurs.  The  work  being  thus  plott«d  in  the  field,  UDUSUally 
irregular  topography  may  he  plotted  with  greater  certainty  and 
no  great  error  can  occur  without  detection.  It  would  even  be 
possible  by  this  method  to  detect  a  gross  error  that  might  have 
been  made  bv  the  level  party, 


13.  Stadia  method.    This  method  is  best  ad^ted  to  fairiy 
open  country   where  a  "shot"   to  any  desired  point  may  bfi 

taiten  without  clearing.    The  backbone  eurvev  tine  is  the  same 
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as  in  the  previous  method  except  that  each  course  is  h' mi  ted  to 
the  practicable  length  of  a  stadia  sight.  The  distance  between 
stations  should  be  checked  by  foresight  and  backsight — also  the 
vertical  angle.  Azimuths  should  be  checked  by  the  needle. 
Considering  the  vital  importance  of  levehng  on  a  railroad  survey 
it  might  be  considered  desirable  to  run  a  line  of  levels  over  the 
stadia  stations  in  order  that  the  leveling  may  be  as  precise  as 
possible;  but  when  it  is  considered  that  a  preliminary  survey  is 
a  somewhat  hasty  survey  of  a  route  that  may  be  abandoned,  and 
that  the  errors  of  leveling  by  the  stadia  method  (which  are  con- 
pensating)  may  be  so  minimized  that  no  proposed  route  would 
be  abandoned  on  account  of  such  small  error,  and  that  the  effect 
of  such  an  error  may  be  usually  neutralized  by  a  slight  change  in 
the  location,  it  may  be  seen  that  excessive  care  in  the  leveling 
of  the  preliminary  survey  is  hardly  justiifiable. 

A  stadia  party  should  include  a  locating  engineer  (or  chief  of 
party),  and  perhaps  an  assistant,  a  transitman,  a  recorder  and 
four  rodmen,  beside  axemen.  The  transitman  should  have  noth- 
ing to  do  but  attend  to  his  instrtunent.  After  setting  up  the 
transit  at  an  advanced  station,  a  backsight  should  be  taken 
to  the  previous  station.  If  the  vertical  circle  is  full  360°,  the 
telescope  should  be  plunged  and  sighted  on  the  backsight  with 
vernier  A  reading  the  same  as  the  foresight  to  the  station  occu- 
pied. If  the  vertical  arc  is  semi-circular  (or  less),  no  vertical 
angle  can  be  taken  with  the  telescope  plunged  and,  therefore, 
vernier  A  should  read  180°  more  (or  less)  than  the  foresight. 
The  lower  plate  should  be  very  firmly  clamped,  and  then,  after 
loosening  the  upper  plate,  a  reference  sight  and  reading  on  some 
well-defined  natural  object  should  be  taken.  If  there  is  any 
reason  to  suspect  that  the  instrument  has  been  disturbed  while 
occupying  that  station,  the  reference  point  can  be  sighted  at 
and  the  instrument  can  be  re-alined,  and  re-leveled,  if  necessary, 
without  sending  a  rodman  back  to  the  previous  station. 
When  taking  a  backsight  the  rod  reading  for  distance  should 
be  taken  first  and  immediately  compared  with  the  previously 
recorded  •  foresight.  Since  the  distance  between  stations  will 
always  be  taken  with  especial  care  so  as  to  avoid  "  blunders  " 
of  an  even  10,  20  or  perhaps  100  feet,  the  foresights  and  back- 
sights should  agree  to  within  the  proper  limits  of  the  stadia 
method.  Similarly  the  vertical  angle  should  agree  with  the 
previous  reading,   hut  with  opposite  sign.    If  especial  care  is 
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taken  in  leveling  the  instrument  immediately  before  taking  both 
foresights  and  backsights,  these  readings  should  agree  to  within 
one  minute,  or  even  30  seconds,  with  a  good  transit.  The 
height  of  the  telescope  above  the  ground  at  the  new  station  must 
be  measured,  and  the  middle  wire  sighted  at  that  reading  on  the 
rod  (called  the  H.  /.),  when  taking  any  vertical  angle.  Theo- 
retically the  rod  reading  for  distance  should  be  taken  when  the 
telescope  is  pointing  at  the  proper  vertical  angle  for  that  shot, 
but  this  will  mean,  in  general,  that  both  the  upper  and  lower 
cross  wires  will  read  odd  amounts  and  that  an  inconvenient 
subtraction  must  be  made  to  get  the  difference,  which  is  the 
"  rod  reading."  But  it  may  be  demonstrated  that  no  error  of 
distance,  amounting  to  the  lowest  practicable  unit  of  measure- 
ment, can  result  if  the*  telescope  is  raised  or  lowered  just  enough 
to  set  it  on  the  nearest  even  foot  mark.  The  routine  of  observ- 
ing a  shot  is  therefore  as  follows:  (a)  swing  the  instrument  (the 
upper  plate)  horizontally  until  the  telescope  sights  at  the  rod 
and  clamp  the  horizontal  motion — but  very  lightly  and  perhaps 
not  at  all;  (6)  raise  or  lower  the  telescope  until  the  middle  cross 
wire  is  sighting  at  the  H.  I.,  reading  on  the  rod;  a  target  on  the 
rod  may  be  set  at  the  H.  I.  reading  for  each  set-up  and  it  will 
facilitate  the  work;  (c)  read  the  vertical  angle  and  report  it 
to  the  recorder,  standing  at  hand;  {d)  raise  or  lower  the  tele- 
scope just  enough  so  that  the  lower  wire  is  on  the  nearest  even 
foot  mark  and  read  (calUng  it  out  to  the  recorder)  the  number  of 
even  feet  of  interval  from  the  lower  to  the  upper  wire  and  the  odd 
amount  at  the  top  at  the  reading  of  the  upper  wire;  (e)  dismiss 
the  rodman,  who  is  then  directed  to  another  point  by  the  chief 
of  party;  (J)  read  the  azimuth  on  the  horizontal  plate.  By 
that  time  another  rodman  has  been  located  at  a  point  where  an 
observation  is  required,  and  the  routine  is  repeated.  The  work 
of  the  transitman  is  thus  very  strenuous,  without  any  recording 
work,  and  the  progress  of  the  party  depends  on  him.  He,  there- 
fore, should  not  be  required  to  direct  the  party  or  even  to  record 
his  notes,  since  every  moment  spent  in  that  way  delays  the  entire 
party  by  that  amount.  The  recorder  also  has  all  that  he  can 
do  to  record  the  notes  (with  p)erhaps  some  sketches),  as  fast  as 
the  transitman  calls  them  off.  Usually  four  rodmen  can  be 
kept  very  busy,  and  they  must  be  on  the  run  between  the  suc- 
cessive points  at  which  they  hold  their  rods.  One  of  the  rod- 
men  or  one  of  the  axemen,  if  axemen  are  employed,  carries  and 
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dlwea  the  stakes,  which  are  only  reqmr^d  at  the  instniiineiit 
points.  One  or  more  axemen  are  generally  useful  in  lopping  off 
branches  or  cutting  down  saplings  which  interfere  with  desirabte 
sights.  The  chief  of  party  hal^  plenty  to  do  in  directing  the 
fodmen  and  axemen  so  that  shots  may  be  taken  at  points  whiek 
wM  give  the  most  significant  information,  and  also  in  picking 
0iiit  the  proper  location  for  the  advance  station  at  some  plaice 
horn  which  a  maximum  of  information  may  be  observed  with 
one  set-up  of  the  transit.  A  well-drilled  organization  and 
''team  work"  are  necessary.  The  best  work  is  done  when  every 
man  is  k^t  busy.  Several  hundred  shots  per  day  can  be  ob- 
served when  it  is  considered  advisable  to  obtain  much  detailed 
n^rmation  and  the  average  number  of  shots  per  set-up  is  large. 
On  the  other  hand,  when  the  stadia  method  is  used  for  a  rapid 
exptoatory  survey,  only  a  few  side  shots  (at  some  stations  pep- 
kapa  none  at  all)  wUi  be  taken  at  each  station.  In  such  a  cassi, 
the  total  number  of  shots  taken  during  a  day  will  be  compara/- 
tively  smaH,  but  the  progress  will  be  very  rapid,  and  the  salient 
features  of  several  miles  of  a  proposed  route  can  be  obtained  in  a 
day. 

14.  fiena  for  stadia  notes. 

fl>ft-han4  page.} 


Inat.  at 


^24. 


M=629. 


Azim. 

Rod 

264°  27' 

83°  10' 

184°  23' 

5°  47' 

622 
528 
264 
218(175) 

Vert,  angle 


-0°  18' 

+1°  16' 
-2°  18' 
+26°  20' 


Sighting  at 

A23 

A25 
bend  in  creek 
top  of  bluff 


The  usual  six-column  note-book  can  be  Utilized  by  ruling  an 
extra  Hne  (shown  dotted  in  the  Form  of  Stadia  Notes),  in  the 
fifth  column,  since  the  column  is  wide  enough  for  both  the  "  dif- 
ference of  elevation  "  and  the  "  elevation."  The  "  rod  reading  " 
(3d  column)  as  recorded  should  include  the  (/+c),  which  in 
almost  all  American  transits  equals  1.0  to  1.3  feet.  Since  the 
wire-interval  ratio  is  almost  invariably  1  :  100,  the  rod  interval 
in  hundredths  of  a  foot  is  considered  as  the  number  of  feet  of  dis- 
tance, except  that  one  even  foot  is  added  for  the  (f-{-c).  The 
sample  figures  given  above  are  typical  of  all  that  needs  to  be 
taken  in  the  field.  The  "  diflference  of  elevation  "  and  the  "  ele- 
vation **  are  computed  and  entered  later. 
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The  "  differenice  of  etevatioii "  may  be  mathematically  com- 
puted from  the  formula 

D  =  kr  i  sin  2dc^(f-{-c)  sin  a, 

in  which  D  is  the  difference  of  elevation,  fc  is  a  constant;,  usually 
100,  r  is  the  rod  intercept  and  a  is  the  angle  of  elevation^ — or 
depression.  The  mathematical  solution  of  such  an  equation 
for  every  shot  that  is  taken  (except  the  very  few  shots  which  are 
level)  is  very  laborious  and  impracticable.  But  the  work  of 
reduction  can  be  shortened  by  a  justifiable  approximation.  By 
changing  the  factor  of  (/+c)  from  sin  a  to  ^  sin  2a,  the  formula 
may  be  written 

D'  =  [kr+(f+c)]ism2a. 

The  first  term  (that  within  the  bracket)  is  the  number  recorded 
under  "Rod"  in  the  Form  of  Notes  (622,  528,  etc.).  the 
second  term  (|  sin  2a)  may  be  taken  from  "  Stadia  Tables,"  bf 
which  many  are  published,  although  the  tables  usually  give 
these  numbers  merely  as  the  factors  by  which  the  distance  is  ttt 
be  multiplied  in  order  to  obtain  the  "  Difference  of  Elevatioh/' 
and  do  not  mention  that  the  factor  is  really  i  sin  2a.  The  eri-oir 
of  the  approximation  (when  (f-^c)  =  1  foot)  is  less  than  0.01  foot 
for  a  vertical  angle  of  15°  and  less  than  0.1  foot  for  the  unusual 
angle  of  30°.  Since  0.1  foot  is  the  usual  lowest  unit  of  measure- 
mient  for  stadia  elevations,  ptobably  99%  of  all  stadia  t<rork  caii 
use  such  an  approximation  without  appreciable  error.  The 
special  cases  with  high  angles  can  be  computed  separately  if  it 
is  considered  necessary.  The  algebraic  sign  of  the  vertical  angle 
should  always  be  recorded,  even  if  it  is  plus,  or  upward;  the  sigtl 
-|-  is  a  positive  statement  that  it  is  plus  and  that  the  sign  wad 
not  forgotten.  The  difference  of  elevation  Ukewise  should  always 
have  a  -f  or  —  sign.  Adding  the  difference  of  elevation  tb  the 
elevation  of  the  station  (or  subtracting  it),  gives  the  elevation  of 
each  point. 

Theoi-etically  the  true  horizontal  distance  for  all  inclined  sights 
la  always  less  than  the  nominal  distance,  as  given  by  the  rod 
f^dmg.     The  formula  for  true  distance  is 

L  =  kr  cos^  «+ (/-fc)  cos  a. 
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As  before,  we  may  use   the  approximation  of  combining  the 
(/+c)  with  the  kr  and  say  that 

L'  =  lkr+(f+c)]co8^a, 

and  that  the  correciion,  which  is  subtracted  from  [A;r+(/-|-c)], 
and  710^  from  kr,  is 

Corr.  =  [fcr  +  (f-\-c)]  sin*  a. 

The  error  of  this  approximation  is  usually  insignificant,  as  illus- 
trated below.  Since  sin*  a  is  very  much  less  than  cos*  a  for  the 
usual  small  values  of  a,  it  is  easier  and  more  accurate  to  compute 
the  smaller  quantity  and  mentally  subtract  it  from  the  nominal 
reading.  When  the  vertical  angle  and  the  distance  are  both 
small,  the  horizontal  correction  is  within  the  lowest  unit  of 
measurement  (one  foot),  and  should,  therefore,  be  ignored.  The 
engineer  soon  learns  the  approximate  limits  at  which  the  com- 
bination of  vertical  angle  and.  distance  will  make  a  correction 
necessary.  In  the  above  notes  no  correction  is  necessary  except 
in  the  last  case,  the  angle  being  26°  20'.  The  exact  mathe- 
matical computation  is  as  follows,  the  rod  interval  being  2.17 
and  (f+c)  =  J, 

L  =  217  cos*  26°  20' +  1  cos  26°  20' =  175.20. 

Using  the  approximate  rule,  the  correction  =  218  sin*  26°  20* 
=  42.90. 

218-42.90  =  175.10. 

The  above  calculations  have  been  carried  to  hundredths  of  a  foot 
for  the  sole  purpose  of  illustrating  that  the  discrepancy  between 
the  approximate  and  the  theoretical  value  is  only  0.10  foot,  even 
for  this  unusually  large  angle,  and  considering  that  the  rod 
interval  is  read  only  to  the  nearest  0.01  foot,  which  corresponds 
to  one  foot  of  distance,  this  discrepancy  is  utterly  inappreciable. 
15.  The  reduction  of  stadia  observations  is  most  easily 
accomplished  by  using  a  stadia  slide  rule,  which  has  one  loga- 
rithmic scale  for  distances  and  for  the  computed  differences 
of  elevation  or  corrections  to  distance,  and  also  two  other  scales 
one  of  which  gives  values  for  5  sin  2a,  and  the  other  gives  values 
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for  sin*  a.  Some  scales  give  values  of  cos*  a.  To  illustrate  the 
difference,  in  the  above  case,  it  is  evidently  easier  to  read  43 
(two  significant  figures)  than  to  read  218,  which  has  three  fig- 
ures. When  the  distance  is  over  1000  (four  figures),  the  diffi- 
culty is  even  greater.  The  necessity  for  subtracting  the  cor- 
rection is  of  no  appreciable  importance.  In  this  case,  the  cor- 
rection would  be  read  from  the  slide  rule  as  43,  and  mentally 
subtracting  43  from  218,  we  write  at  once  175,  which  is  recorded 
in  parenthesis  in  the  Rod  column.  The  draftsman,  when  plot- 
ting the  notes,  uses  this  distance  (175)  instead  of  218.  Using  a 
sUde  rule,  two  men  can  very  quickly  compute  the  differences  of 
elevation  for  the  entire  day's  work  in  a  very  short  time.  A  very 
little  practice  wiU  enable  them  to  nm  down  the  list,  picking  out 
the  observations,  usually  less  than  10%  of  the  total  number, 
where  the  combination  of  distance  and  vertical  angle  is  suffi- 
ciently great  to  make  it  necessary  to  compute  a  horizontal  cor- 
rection. The  stadia  slide  rule  is  so  small  that  it  may  readily  be 
carried  into  the  field  and  used  there  if  desired,  in  which  respect  it 
has  a  ^eat  advantage  over  diagrams,  which  are  sometimes  used 
for  the  same  purpose. 

i6.  Stadia  method  vs.  cross-section  method.  There  is  still  a 
difference  of  opinion  among  engineers  as  to  the  choice  of  these 
two  methods.  When  a  large  part  of  the  route  is  thickly  wooded, 
the  cross-section  method  is  preferable.  In  open  country  the 
stadia  method  is  more  rapid  and  more  economical.  Although  it 
would  be  inadvisable  to  change  from  one  method  to  the  other 
every  mile  or  so,  a  very  considerable,  economy  is  possible  by 
alternating  the  two  methods  according  to  the  character  of  the 
coimtry.  The  locating  engineer  can  plan  such  change  of  method 
during  his  reconnoissance.  The  real  efficiency  of  the  stadia 
method  is  due  to  the  fact  that  the  preliminary  survey  should  be 
considered  as  the  topographical  survey  of  an  area  or  belt,  and 
not  the  survey  of  a  line,  and  that  in  open  country  the  stadia 
method  is  the  most  efficient  method  of  obtaining  such  topo- 
graphical data.  But  the  efficiency  depends  on  the  handhng  of 
the  party.  When  a  valley  widens  out  with  easy  slopes  and  the 
possible  area  in  which  the  location  may  lie  is  correspondingly 
widened,  it  is  far  easier  and  more  accurate  to  widen  the  belt 
surveyed  by  stadia  shots  of  1000  feet  if  necessary. 

17.  "First"  and  "Second"  preliminary  surveys.  Some 
engineers  advocate  two  preliminary  surveys.    When  this  is  done, 
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the  first  Is  a  very  rapid  survey,  made  perhaps  with  a  compasSi 
and  is  only  a  better  grade  of  reoonnoissance.  Its  aim  is  ta 
rapidly  develop  the  facts  which  will  decide  for  or  against  any 
proposed  route,  so  that  if  a  route  is  found  to  be  unfavorable 
another  more  or  less  modified  route  may  be  adopted  without 
having  wasted  considerable  time  in  the  survey  of  useless  details* 
By  this  time  the  student  should  have  grasped  the  fundamental 
idea  that  both  the  reconnoissance  and  preUminary  surveys  are 
not  surveys  of  lines  but  of  areaSj  that  their  aim  is  to  survey 
only  those  topographical  features  which  would  have  a  deter- 
mining influence  on  any  railroad  Hne  which  might  be  constructed 
through  that  particular  territory,  and  that  the  value  of  a  locating 
engineer  is  largely  measured  by  his  ability  to  recognize  thos^ 
determining  influences  with  the  least  amount  of  work  from  his 
surveying  corps.  Frequently  too  Httle  time  is  spent  on  the 
comparative  study  of  preUminary  Hnes.  A  Hne  will  be  hastily 
decided  on  after  very  httle  study;  it  will  then  be  surveyed  with 
minute  detail  and  estimates  carefully  worked  up,  and  the  claims 
of  any  other  suggested  route  will  then  be  handicapped,  if  not 
disregarded,  owing  to  an  unwillingness  to  discredit  and  throw 
away  a  large  amount  of  detailed  surveying.  The  cost  of  two  or 
three  extra  preUminary  surveys  {at  critical  sections  and  not  over 
the  whole  Une)  is  utterly  insignificant  compared  with  the  prob* 
able  improvement  in  the  ''  operating  value  "  of  a  line  located 
after  such  a  comparative  study  of  preliminary  lines. 

LOCATION  SURVEYS. 

x8.  "Paper  location."  When  the  preliminary  survey  haa 
been  plotted  to  a  proper  scale  (usuaUy  200  feet  per  inch),  and  the 
contours  dra¥m  in,  a  study  may  be  made  for  the  location  survey. 
Disregarding  for  the  present  the  effect  on  location  of  transition 
curves,  the  alinement  may  be  said  to  consist  of  straight  lines  (or 
"  tangents  ")  and  circular  curves.  The  '*  paper  location  *'  there- 
fore, consists  in  plotting  on  the  preUminary  map  a  succession  of 
straight  lines  which  are  tangent  to  the  circular  curves  connecting 
them.  It  may  be  assumed  that  the  general  route  of  the  prelim- 
inary survey  has  been  so  weU  selected,  as  the  result  of  the  recon^ 
noissance  survey,  that  it  is  possible  to  construct  a  Une  without 
excessive  earthwork  between  consecutive  control  points,  and 
that  the  grades  are  within  the  ruling  grade.    If  the  prdiminary 
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BUTvey  has  been  nin  by  locating  stations  every  100  or  300  feet 
(see  S  11  and  Fig.  4),  the  profile  of  this  line  given  the  first  approx- 
imation toward  the  rate  of  grade,  and  from  this  may  be  deter- 
mined whether  one  uniform  grade  between  the  control  points  ia 


Fio,  T.    Single  Obape  Betveem  Contbol  Points. 

practicable,  or  whether  two  or  more  different  grades  must  be 
used.  If  the  stadia  method  was  used,  the  profile  of  a  line  run- 
ning through  the  station  points  will  serve  the  same  purpose.  In 
Fig.  7  let  AMZ  represent,  oa  a  very  sm^l  scale,  the  surfaoe 
profile  between  two  control  points,  A  and  Z,  which  are,  perbi^M^ 


Fio.  8.    Tvo  CBADEb  Between  Contbol  Points, 

two  miles  apart.  The  upper  dotted  tine  shows  the  elevations  of 
the  highest  points  in  the  surveyed  belt  at  each  of  the  several 
staUons,  and  the  lower  line  the  corresponding  lowest  points.  If 
the  straight  line  AZ  does  not  go  outside  of  these  dotted  lines,  it 
indicates  that  the  uniform  Rrade  AZ  will  have  "  supporting 
ground"  for  the  entire  distance  and  that  such  a  grade  is  prac- 
.(icable  and  should  be  tentatively  selected  (or  at  least  invest'- 
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gated)  for  that  stretch.  If  the  straight,  line  AZ  passes  outside 
the  belt  of  the  dotted  lines,  as  in  Fig.  8,  it  implies  that  there  was 
some  definite  reason  why  no  higher  supporting  ground  could  be 
found  near  Af' ,  or  the  preliminary  survey,  if  properly  made, 
would  have  covered  that  ground.  It  then  becomes  necessary 
to  adopt  two  grades,  such  as  AM'  and  M'Z.  Three  or  more 
grades  might  prove  necessary  or  desirable  in  some  cases. 

Having  determined,  at  least  tentatively  and  approximately, 
the  rate  of  grade,  set  a  pair  of  dividers  at  such  a  distance  (to 
scale)  that  the  distance  times  the  rate  of  grade  equals  the  con- 
tour interval.  For  example,  with  a  contour  interval  of  5  feet 
and  a  2%  grade, 

distance  X. 02 =5, 
or 

distance  =  5  ^  .02 = 250. 

Then,  with  dividers  set  at  260  feet,  put  one  leg  wherfe  the  line 
previously  located  crosses  a  contour  and  put  the  other  leg  where 
it  reaches  the  contour  next  above — or  below,  if  a  down  grade. 
Then  step  to  the  next  contour  and  so  on.  If  the  desired  starting 
point  is  not  on  a  contour,  the  distance  for  thi^  first  step  should  be 
proportionately  shortened.  A  strict  application  of  this  method 
would  probably  make  a  sidehill  line  run  around  short  gullies 
where  the  curvature  would  need  to  be  excessively  sharp.  To 
avoid  such  sharp  curvature,  these  narrow  gullies  must  be  crossed 
by  bridges,  trestles  or  high  embankments.  To  carry  a  grade 
across  such  a  place,  the  length  of  step  of  the  dividers  should  be 
doubled  or  trebled  and  the  step  should  be  to  the  second  or  third 
contour  above  or  below.  The  line  running  through  these  suc- 
cessive points  located  on  the  contours  will  be  practically  a  surface 
line  which  has  nearly  the  desired  grade.  The  cut  and  fill  would 
be  almost  nothing — except  "  side-hill  work,"  and  the  crossing  of 
gullies.  No  accuracy  need  be  expected  on  this  preliminary  trial 
since  the  distance  is  somewhat  greater  than  the  air-line  distance 
AZ.  It  would,  in  general,  be  impossible  to  run  a  practicable 
combination  of  tangents  and  proper  curves  through  these  points, 
but  such  a  line  is  very  suggestive  of  a  proper  alinement  which 
will  fulfill  the  grade  and  curvature  conditions  and  along  which 
the  cut  and  fill  will  be  reasonably  small. 

If  there  are  long  stretches  where,  in  each  case,  the  line  joining 
a  group  of  consecutive  points  is  nearly  straight,  the  tangents  will 
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predominate  and  should  be  located  first  and  then  connected  by 
curves.  If  the  line  has  numerous  and  long  bends,  it  may  be 
preferable  to  select  the  curves  first  and  then  connect  them  with 
tangents.  For  such  work  a  series  of  curves,  drawn  to  proper 
scale,  varying  by  even  degrees  from  1°  up  to  15°  or  20°,  or  what- 
ever is  the  maximum  allowable  curvature,  and  drawn  on  any 
transparent  material  such  as  tracing  cloth,  celluloid  or  glass,  is 
very  useful,  since  different  curves  may  be  tried  in  turn  imtil  the 
curve  which  best  fits  the  ground  is  discovered.  The  contours 
and  other  fixed  features  should  have  been  inked  in  and  then 
the  trial  lines  and  curves  may  be  marked  in  Ughtly  with  a  soft 
pencil,  so  that  trial  hnes  may  be  easily  erased  until  a  satisfactory 
line  is  obtained.  The  number  of  possible  combinations  is  infinite, 
but  certain  conditions  must  be  fulfilled  which  narrows  the  choice. 
(1)  The  connecting  tangents  must  not  be  too  short;  100,  200 
and  even  300  feet  are  used  as  limits.  (2)  The  curvature  must  be 
within  the  adopted  limit.  If  two  consecutive  curves,  which  are 
connected  by  a  very  short  tangent,  bend  in  the  same  direction, 
it  is  preferable  that  they  should  be  combined  into  one  simple 
curve,  or  into  two  branches  of  a  compound  curve,  rather  than  to 
make  a  "  broken-backed "  curve.  If  they  bend  in  opposite 
directions  (making  a  reverse),  even  300  feet  is  none  too  long  for 
the  transition  curves  which  should  be  used,  especially  if  the 
curves  are  sharp.  Actual  reverse  curves  (changing  the  direction 
of  curvature  without  any  separating  tangent)  should  never  be 
used,  except  on  switch  work  and  track  where  the  speed  is  always 
slow.  It  would  be  far  preferable  to  sharpen  the  curvature 
enough  to  introduce  a  tangent  at  least  100  feet  long.  The  fol- 
lowing considerations  should  be  kept  in  mind.* 

"  (1)  If  the  location  could  follow  the  grade  line  [or  surface 
line]  precisely,  there  would  be  no  cuts  or  fills  (practically  speak- 
ing) on  the  center  line. 

"  (2)  Whenever  the  location  Ues  on  the  |  , .,,    i  side  of  the 

f  fill 
grade  contour  [or  surface  line]  there  will  be 


cut 


.1 


*'  (3)  The  further  the  location  departs  from  the  grade  contour 
the  igreater  will  be  the  cut  or  fill,  as  the  case  may  be." 

^»    M     ■     I  ■       ■  ■  i—  '■"  --— -  I  ■■■—I,  ,, 

♦Art.  50,  Part  IV,  "Technic  of  Surveying  Instruments  and    Methods," 
by  Webb  and  Fish.     John  Wiley  &  Sons. 
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After  a  loeation  line  has  been  selected  which  seems  satisfaetoty 
from  the  standpoints  of  easy  curvature,  not  too  short  tangents, 
a  proper  balance  of  cut  and  fill,  and  not  too  great  cuts  and  fiHs, 
as  will  be  approximately  indicated  by  its  distance  from  tke 
surface  line,  the  vohime  of  earthwork  may  be  estunated  whk 
sufficient  accuracy  for  comparative  purposes  by  drawing  a 
profile  of  the  surface  location  line  and  its  roadbed  line.  Con- 
sidering the  ease  with  which  such  hnes  may  be  drawn  on  the 
preUminary  map,  it  is  frequently  advisable,  after  making  emek 
a  paper  location,  to  begin  all  over,  draw  a  new  line  over  sotob 
specially  difficult  section  and  compare  results.  Profiles  ef 
such  lines  may  be  readily  drawn  by  noting  their  intersectieft 
with  each  contour  crossed.  Drawing  on  each  profile  the  fth 
quired  grade  line  will  furnish  an  approximate  idea  of  the  ccm^ 
parative  amoimt  of  earthwork  required.  A  comparison  oC 
the  areas  of  cut  and  fiU  on  the  profile  will  show  the  apppoatl* 
mate  balance  in  volume  of  cut  and  fill.  If  it  is  considered  nech 
essary  to  compute  the  volume  with  greater  accuracy,  it  may  h6 
done  by  the  use  of  Table  XVII  (see  also  §  126),  applying  the 
latter  part  of  the  table  correctively  to  allow  for  side  slope: 
After  deciding  on  the  paper  location,  the  length  of  e&cSk 
tangent,  the  central  angle  (see  §  51),  and  the  radius  of  eadl 
curve  should  be  measured  as  accurately  as  possible.  Frequent 
tie  lines  and  angles  should  be  determined  between  the  plotted 
location  Une  and  the  preliminary  line.  When  the  preUminary 
line  has  been  properly  run,  its  "  backbone  "  line  will  lie  very 
near  the  location  Une  and  wiU  probably  cross  it  at  frequeiit 
intervals,  thus  rendering  it  easy  to  obtain  short  and  numerous 
tie  Unes. 

19.  Preparadoa  of  the  notes.  This  and  the  actual  transfer 
of  the  paper  location  to  the  ground  is  a  problem  in  surveying 
which  is  so  varied  in  its  character  that  the  ingenuity  of  the  en|^«- 
neer  is  required  to  use  the  best  method  adapted  to  each  partic- 
ular case,  but  a  few  principles  may  profitably  be  kept  in  mind. 

(1)  The  scale  of  the  paper  location  drawing  is  probably  200  feet 
per  inch,  unless  the  difficulties  of  the  problem  demand  a  larger 
scale  for  a  particular  stretch  of  the  road,  so  that  the  paper  loca- 
tion may  be  more  accurate.  Since  a  variation  of  1/200  inch  itt 
the  drawing  means  a  variation  of  one  foot  on  the  ground,  no 
close  checking  of  the  Une  on  any  tie-point  need  be  expected. 

(2)  Since  a  very  small  variation  in  alinement  would,  if  persisted 
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in,  throw  the  ailkiement  rery  far  from  its  desired  location,  it  must 
be  expected  that  there  will  be  more  or  less  adjustment  of  the 
paper  location  atinemen;t  (numerically)  cm  nearly  every  tangent 
smd  curve.  (3>)  Tl»  intersection  of  the  preliminary  line  by  a 
paper-location  tangent  (or  the  tangent  produced)  gjves  a  pos- 
sible tie-point.  The  position  of  this  tie-point  on  the  preHtaciinarjr 
Kne  must  be  scaled  and  the  an^e  between  the  lines  determined 
by  measuring  the  chord  of  a  long  arc  with  its  center  at  the  point 
of  intersection  or  by  scaling  the  sine  (or  tangent)  produced  by  a 
perpendicular  from  one  line  to  the  other  from  a  point  whose  dis- 
tance from  the  intersection  is  a  convenient  unit  length.  (4) 
When  there  is  no  intersection  at  some  place  where  a  tie  is  diesired> 
a  perpendicular  offset  from  the  preliminary  line  may  be  necessary. 
(5)  When  the  paper  location  crosses  the  preliminary  line  at  fre- 
quent int5*Tvals  (say  500  to  1000  feet),  it  may  be  more  simple  to 
locate  the  tie-point  intersections  on  the  preUminary  line  and  work 
from  one  to  the  other,  taking  up  the  inevitable  inaccuracies  by 
dight  variations  in  the  length  of  tangents  or  curves  or  by  some 
one  of  the  various  methods  detailed  in  §63.  When  no  prac- 
ticable tie  can  be  obtained  for  a  considerable  distance  (say  one- 
half  mile),  it  may  be  desirable  to  determine  the  ordinates  (lat- 
itudes and  departures)  of  all  the  points  on  the  preliminary  and 
on  the  paper  location  between  two  consecutive  intersections. 
In  such  a  case  the  precision  would  depend' entirely  on  the  accuracy 
of  scaling  the  positions  of  the  two  intersections  and  on  the  accu- 
racy of  the  preliminary  survey.  While  such  a  method  requires 
considerable  office  computation,  even  that  is  cheaper  than  an 
extensive  revision  of  a  located  Une  in  the  field.  For  a  ftirther 
development  of  this  method,  the  student  is  inferred  to  a 
course  of  instruction  originally  written  by  Prof.  J.  C.  L.  Fish, 
of  Stanford  University,  and  included  in  "  Technic  of  Surveying 
Instruments  and  Methods,"  by  Webb  and  Fish,  published  by 
Wiley  &  Sons. 

As  previously  stated,  the  above  method  has  been  developed 
as  if  the  final  located  line  were  to  be  made  up  only  of  tangents 
and  circular  curves.  But  transition  curves  between  the  tan*- 
gents  and  circular  curves  are  essential  for  the  easy  oper^ion  of 
trains.  Anticipating  the  more  complete  demonstration  of  the 
subject,  f  71,  6<  seq.,  it  may  be  stated  that  the  effect  of  the  tmnsi^ 
tion  curve,  or  "  spiml,"  is  to  move  the  curve  inward,  or  toward  its 
center,  or  to  move  the  tangent  outward'.    The  effect  of  this  is 
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equivalent  to  offsetting  the  tangent  outward,  or  offsetting  the 
curve  inward,  and  then  connecting  the  tangent  and  circular 
curve  by  a  transition  curve  which  gradually  crosses  the  offsetted 
distance.  The  amoimt  of  the  offset  varies  with  the  degree  of 
the  central  curve  and  the  desired  length  of  the  transition  curve, 
but  it  is  seldom  more  than  three  or  four  feet,  and  is  usually  much 
less.  No  consideration  need  be  given  to  these  offsets  when 
comparing  several  trial  locations.  It  is  only  after  the  paper 
location  has  been  settled  and  it  is  time  to  transfer  this  to  the 
ground  that  it  is  necessary  to  compute  these  offsets  and  adjust 
the  lines  accordingly.  Even  then  the  offsets  will  seldom  be  so 
large  that  they  would  appreciably  affect  the  paper  location,  but 
when  the  alinement  is  actually  located  on  the  ground,  the  proper 
offsets  should  be  used  and  the  alinement  laid  out  as  described  in 
detaU  in  §  80. 

20.  Surve3fing  methods.  A  transit  should  be  used  for  aline- 
ment, and  only  precise  work  is  allowable.  The  transit  stations 
should  be  centered  with  tacks  and  should  be  tied  to  witness- 
stakes,  which  should  be  located  outside  of  the  range  of  the  earth- 
work, so  that  they  will  neither  be  dug  up  nor  covered  up.  All 
original  property  lines  lying  within  the  limits  of  the  right  of  way 
should  be  surveyed  with  reference  to  the  location  line,  so  that 
the  right-of-way  agent  may  have  a  propei  basis  for  settlement. 
When  the  property  lines  do  not  extend  far  outside  of  the  re- 
quired right  of  way  they  are  frequently  surveyed  completely. 

The  leveler  usually  reads  the  target  to  the  nearest  thousandth 
of  a  foot  on  turning-points  and  bench-marks,  but  reads  to  the 
nearest  tenth  of  a  foot  for  the  elevation  of  the  ground  at  stations. 
Considering  that  ^T^^jf  of  a  foot  has  an  angular  value  of  about 
one  second  at  a  distance  of  200  feet,  and  that  one  division  of  a  level- 
bubble  is  usually  about  30  seconds,  it  may  be  seen  that  it  is  a 
useless  refinement  to  read  to  thousandths  unless  corresponding 
care  is  taken  in  the  use  of  the  level.  The  leveler  should  also 
locate  his  bench-marks  outside  of  the  range  of  earthwork.  A 
knob  of  rock  protruding  from  the  ground  affords  an  excellent 
mark.  A  large  nail,  driven  in  the  roots  of  a  tree,  which  is  not 
to  be  disturbed,  is  also  a  good  mark.  These  marks  should  be 
clearly  described  in  the  note-book.  The  leveler  should  obtain 
the  elevation  of  the  ground  at  all  station-points;  also  at  all 
sudden  breaks  in  the  profile  line,  determining  also  the  distance 
of  these  breaks  from  the  previous  even  station.    This  will  in- 
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elude  the  position  and  elevation  of  all  streams,  and  even  dry 
4^1ies,  which  are  crossed 

Measurements  should  preferably  be  made  with  a  steel  tape, 
care  being  taken  on  steep  ground  to  insure  horizontal  measure- 
ments. Stakes  are  set  each  100  feet,  and  also  at  the  beginning 
and  end  of  all  curves.  Transit-points  (sometimes  called  "  plugs  " 
or  "hubs")  should  be  driven  flush  with  the  ground,  and  a 
"witness-stake,"  having  the  "number  "  of  the  station,  should 
be  set  three  feet  to  the  right.  For  example,  the  witness-stake 
might  have  on  one  side  "137  +  69.92,"  and  on  the  other  side 
"PC4°R,"  which  would  signify  that  the  transit  hub  is  69.92 
feet  beyond  station  137,  or  13769.92  feet  from  the  beginning  of 
the  line,  and  also  that  it  is  the  "point  of  curve"  of  a  "4°  curve" 
which  turns  to  the  right. 

Aiinement.  The  alinement  is  evidently  a  part  of  the  loca- 
tion survey,  but,  on  account  of  the  magnitude  and  importance 
<rf  the  subject,  it  will  be  treated  in  a  separate  chapter. 

'  21.  Form  of  Notes.  Although  the  Form  of  Notes  cannot  be 
thoroughly  understood  until  after  curves  are  studied,  it  is  here 
introduced  as  being  the  most  convenient  place.  The  ri^t-hand 
page  should  have  a  sketch  showing  all  roads,  streams,  and 
property  lines  crossed  with  the  bearings  of  those  lines.  This 
should  be  drawn  to  a  scale  of  100  feet  per  inch — the  quarter- 
inch  squares  which  are  usually  ruled  in  note-books  giving  con- 
venient 25-foot  spaces.  This  sketch  will  always  be  more  or  less 
distorted  on  curves,  since  the  center  line  is  always  shown  as 
straight  regardless  of  curves.  The  station  points  ("Sta."  in 
first  column,  left-hand  page)  should  be  placed  opposite  to  their 
sketched  positions,  which  means  that  even  stations  will  be 
recorded  on  every  fourth  line.  This  allows  three  intermediate 
lines  for  substations,  which  is  ordinarily  more  than  sufficient. 
The  notes  should  read  up  the  page,  so  that  the  sketch  will  be 
properly  oriented  when  looking  ahead  along  the  line  The 
other  columns  on  the  left-hand  page  will  be  self-explanatory 
when  the  subject  of  curves  is  understood.  If  the  "calculated 
bearings"  are  based  on  azimuthal  observations,  their  agreement 
(or  constant  difference)  with  the  needle  readings  will  form  a 
valuable  check  on  the  curve  calculations  and  the  instrumental 
worjc 

aa.  Number  of  men  required  in  surveying  parties.  No  fixed 
rules  can  be  given.    The  general  rule  of  economy  and  efficiency 
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should  govern,  and  that  is,  that  the  organization  should  be  sudh. 
that  all  desired  data  can  be  obtained  at  a  minimum  of  cost. 
Tiiis  general  rule  may  be  subject  to  the  modification  that  th^ 
early  completion  of  the  survey  is  sometimes  financially  so  impor- 
tant as  to  justify  the  maximum  speed,  almost  regardless  of 
expense.  A  common  violation  of  the  general  rule  of  economy 
is  the  uae  of  too  few  men,  with  the  mistaken  idea  that  it  is  eco- 
nomical. This  requires  the  high-priced  efficient  men  to  waste 
their  time  on  work  which  men  at  one-half  (or  even  one-third) 
their  salary  could  do  sufficiently  well,  thus  delaying  the  com- 
pletion of  the  work  or  depreciating  its  quality  by  undue  haate 
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or  by  neglect  to  obtain  complete  data.  'The  work  fihould  be  so 
organized  that  each  man  is  constantly  busy  at  the  kind  of  work 
for  which  he  is  especially  qualified,  and  that  ne  men  shall  have 
to  wait  for  others  to  complete  their  co-ordinate  work.  Even  if 
100%  efficiency  is  unobtainable,  it  is  very  uneconomical  to  have 
nearly  the  whole  party  idle  while  one  or  two  high-priced  men 
do  some  work  which  must  be  done  before  the  party  can  proceed 
but  wfaieh  could  have  been  done  by  some  extra  lower-grade  men 
without  dela3ring  the  party.  Reconnoissance.  When  the  ter- 
ritory oi  the  general  route  has  been  mapped  by  the  U.  S.  Geol. 
Survcsyi  t^ere  juay  be  uo  need  of  instrumental  work  on  the 
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reconnoissance,  since  the  approximate  ruling  grades  and  general 
route  may  perhaps  be  determined  directly  from  the  map,  and 
the  purpose  of  the  reconnoissance  is  the  examination  of  physical 
features  which  would  affect  or  modify  the. general  route.  In 
such  a  case  the  engineer  does  his  technical  work  alone  and  only 
needs  a  guide  and  cook  in  case  camping  is  necessary.  When  the 
reconnoissance  partakes  more  of  the  nature  of  a  haaty  prelina- 
inary,  distances,  elevations  and  the  necessary  side  topography 
being  determined  by  rapid  approximate  methods,  more  men 
should  be  added,  keeping  in  mind  that  the  work  should  be  so 
organized  that  each  member  of  the  party  is  kept  busy  at  his  own 
co-ordinate  work,  and  that  the  chief  engineer  is  not  delayed  m 
his  own  special  work  by  spending  his  valuable  time  on  a  cheaper 
grade  of  work  which  an  assistant  could  do  sufficiently  well.  In 
other  words,  it  is  economical  to  add  to  the  party  an  extra  assist- 
ant whenever  the  work  that  he  can  do  will  so  facilitate  the 
work  of  the  party  as  a  whole  that  the  value  of  the  salaries 
and  expenses  saved  will  more  than  offset  the  assistant's 
salary  and  expenses.  Preliminary  surveys.  No  fixed  list  of 
members  of  a  party  is  applicable  to  all  conditions.  The  fol- 
lowing list,  with  monthly  salaries,  is  given  by  Mr.  Fred  Lavis* 
as  having  been  used  on  each  of  five  parties  in  surveying  the 
Choctaw,  Oklahoma  &  Gulf  R.  R.  The  list  is  very  full  but 
justifiably  so. 

Locating  engineer $150  to  $175 

Assistant  locating  engineer 115         125 

Transitman 90         100 

Levelman 80          90 

Draftsman 80          90 

Topographers,  two 80          90 

Level  rodman 60 

Head  chainman 50 

Rear  chainman 40 

Tapemen,  two 30 

Back  flagman 30 

Stake  marker 30 

Axemen,  three  to  five 25    to    30 

Cook 50 

Cook's  helper 20 

Double  teams  and  driver,  furnish  their  own  feed, 

driver  boarded  in  camp 65    to    90 

*  Methods  of  Railroad  Location  on  the  Choctaw,  Oklahoma  &  Gulf 
i.    TnM,  Am.  Soo.  C.  &,  Vol,  LIV.  page  104. 
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Other  organizations  sometimes  combine  the  first  two  positions 
on  this  list  and  possibly  call  him  "  chief  of  party."  For  the 
above  work,  the  locating  engineer  was  relieved  altogether  from 
the  detailed  direction  of  the  party,  which  was  handled  by  the 
assistant,  and  spent  nearly  all  his  time  in  studying  the  country 
so  as  to  determine  how  the  line  should  advance.  In  nearly 
all  cases,  such  expense  is  justified,  perhaps  many  times  over,  (1) 
by  the  saving  of  uselessly  surveying  an  improper  route,  (2)  by 
an  improvement  in  the  operating  value  of  the  route  selected,  or 
(3)  by  an  improvement  in  route  which  makes  a  decrease  in 
construction  cost.  Sometimes  those  controlling  the  financial 
side  of  the  project  insist  that  the  chief  of  party  shall  also  run 
the  transit,  as  a  measure  of  "  economy."  Such  a  policy  cannot 
be  too  strongly  condemned.  The  work  of  a  transitman  requires 
every  instant  of  his  time  and  every  minute  that  he  turns  from 
his  transit  to  direct  the  party  or  study  the  proper  route  is  a  min- 
ute delay  for  the  entire  party.  It  generally  means  also  a  deteri- 
oration in  the  quality  of  his  work  as  a  leader  and  as  a  transitman, 
in  his  effort  to  hastily  do  at  one  time  work  which  requires  the 
concentrated  efforts  of  two  men.  In  this  survey  (described  by 
Mr.  Lavis),  the  skeleton  or  backbone  line  was  a  broken  line  with 
angles  every  few  hundred  feet,  and  the  topography  was  taken 
by  right-ftngled  offsets  every  hundred  feet  or  oftener,  substan- 
tially as  described  in  §  11  and  Fig.  4.  These  offsets  were  deter- 
mined by  a  hand  level  and  pacing  by  one  of  the  two  topographers. 
The  other  topographer^  using  a  transit,  with  the  other  two  tape- 
men  "  determined  drainage  areas,  located  property  lines  and 
section  comers,  got  names  of  property  owners,  etc."  When,  as 
is  usually  the  case,  such  essential  work  cannot  be  done  by  the 
main  party  without  delaying  their  progress,  there  is  a  real  econ- 
omy in  adding  to  the  party  these  comparatively  low-priced 
assistants.  It  may  be  noted  that  the  above  party  includes  two 
chainmen,  back  flagman  and  stake-marker,  beside  three  to  five 
axemen.  The  proper  number  of  axemen  manifestly  depends 
on  the  amount  of  necessary  cutting,  but  the  chainmen  or  the 
stake-marker  should  not  be  depended  on  for  such  work.  The 
steady  march  of  the  party  should  not  be  halted  while  a  stake- 
marker  or  chainman  stops  his  regular  work  to  cut  down  a  tree. 
One  of  the  duties  of  the  chief  of  party  is  to  foresee  the  necessities 
of  tree-cutting  and  clearing,  so  far  in  advance  that,  by  the  time 
the  surveying  members  of  the  party  have  reached  the  spot,  the 
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area  is  cl>iak'6d.  It  is  likewise  false  economy  to  dist)etise  "^th 
the  stake-matker  and  require  the  head  chainman  to  do  such  WdHc. 
A  full  corps  of  such  meh,  properly  drilled,  can  add  20  to  S0% 
to  the  daily  progress  of  the  party  and  much  more  than  siiVe 
their  cost^ 

MAlNTENAilCE   OP  StJRVEY  PARTIES. 

23.  Econoikiy  and  efficienty.  When  considering  the  tfeldr- 
tnent  and  maintenance  of  surveying  parties,  it  should  be  remetn- 
bered  that  a  false  idea  of  economy  is  frequently  responsible  foir 
making  the  parties  too  smdUj  overw^orking  the  men,  depriving 
them  of  physical  comforts  and  even,  necessities,  and  that  tfid) 
result  is  a  greater  met  cost  and  a  great  deterioration  in  the  qtiidity 
of  the  results.  A  party  may  cost  $40  to  $65  per  day  in  Salarii^ 
and  expenses.  Any  policy  which  depreciates  the  net  outptit 
of  their  work  20  to  50%  (which  is  easily  possible)  in  order  to 
save  a  few  dollars  per  day  is  manifestly  poor  policy.  Th^  iheik, 
especially  those  who  must  use  their  brains  and  who  presurilablj^ 
have  a  finet  nervous  organism,  have  only  a  quite  definite  suiii 
total  of  nervous  energy.  If  a  considerable  part  of  that  ehefg^ 
is  Sp^nt  in  needlessly  long  tramps  both  morning  and  evening  tb 
and  from  work,  or  if  that  nervous  energy  is  not  maintained  hif 
jrfentiful  and  appetizing  food  and  by  sufficient  arid  comfortabh^ 
rest,  there  is  a  reduction  in  efficiency  which  is  often  far  greats 
than  any  possible  saving  in  expenses.  This  idea  of  develojiiiiif 
the  maximuih  efficiency  of  the  party  is  the  justificatiori  of  tfci 
tecommiendations  made  below  regarding  outfit,  equipment,  ahd 
other  details  about  managing  a  party. 

24.  dountry  hotels  and  farm  houses.  In  settled  s^ciioii^ 
of  the  country,  country  hotels  and  even  farm  housies  are  soitl^ 
times  available  where  men  can  be  provided  with  living  facilitilei 
which  are  imobtainable  in  camp  life  and  at  less  total  expehdb: 
Such  accommodations  have  the  advantage  that  they  obviate  ft 
considerable  capital  expenditure  to  purchase  sufficient  campi 
outfit.  But  if  suitable  accommodations  arie  \mobtainabl6  oT61t 
a  considerable  portion  of  the  route  and  such  accommodatioiis 
as  there  are  on  the  remaining  distance  are  inconvenient  and 
inadequate,  it  may  be  preferable  to  provide  a  camping  outfit  at 
once.  Considering  the  fact  that  there  is  a  real  economy  in 
tiiaking  a  survey  with  a  large  party  and  that  such  a  party  can 
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seldom  if  ever  be  accommodated  in  a  single  farmhouae,  and  that 
there  is  a  lack  of  efficiency  if  the  party  is  separated,  the  farm- 
house plan  is  frequently  impractical.  But  when  villages  are  so 
located  that  there  is  always  one  within  five  miles  of  any  point  of 
the  line,  the  house  plan  may  be  preferable,  since  the  party 
may  be  taken  to  and  from  work  in  conveyances.  The  economy 
of  employing  conveyances  may  be  judged  by  comparing  the  cost 
of  the  vehicles  and  the  value  of  the  time  and  energy  saved.  A 
five-mile  tramp,  carrying  an  instrument,  following  a  full  day's 
work  surveying,  will  frequently  incapacitate  a  man  from  doing 
effective  work  in  the  night-work  which  the  higher  grade  men  of 
the  party  must  generally  do.  The  day's  work  in  the  field  must 
be  begun  later  and  ended  earlier  or  else  the  time  and  strength 
iq)ent  in  the  morning  and  evening  tramps  are  uneconomical 
drains  on  their  total  nervous  energy. 

25.  Camping  Outfits:  Tents.  The  Choctaw,  Oklahoma  <Sb 
Gulf  R.R.  survey,  previously  referred  to,  provided  for  each 
party  one  office  tent,  with  fly,  14X16  feet,  three  tents,  evidently 
without  flies,  14X16  feet,  and  one  cook  tent  16X20  feet.  The 
office  tent  had  5-foot  waDs;  the  others  4-foot.  H.  M.  Wilson' 
("  Topographical  Surveying,"  p.  817)  recommends  9X9  foot 
tents,  with  4-foot  walls.  Those  are  easier  to  erect  but  have  only 
36%  of  the  floor  area  of  the  14  X  16-foot  tents  and  it  would 
require  15  such  tents  to  equal  the  floor  area  of  the  5  tents 
described  above.  For  a  small  party  the  smaller  tents  would  be 
preferable.  Tlie  canvas  should  be  mildew-proof  and  free  from 
sising.  A  "  sod-flap  "  about  8  inches  wide,  should  be  attached 
to  the  bottom  of  the  wall.  When  this  flap  is  weighted  down 
with  stones  or  heavy  sticks  the  wind  and  weather  is  kept  out. 
Dirt  or  sod  should  not  be  used  for  weiglits,  since  they  rot  the 
canvas.  It  pays  to  use  tents  which  conform  to  the  U.  S.  Army 
specifications.  Some  of  the  specifications  as  to  material  and 
workmanship  are  here  quoted: 

"  Materials^ — Body  of  tent  to  be  made  of  Army  standard  12^ 
ounce  cotton  duck,  29^  inches  wide  and  the  sod  cloth  of  Army 
standard  8-ounoe  cotton  duck,  28 1  inches  wide. 

"  Workmanship, — To  be  made  by  machine  in  a  workmanlike 
Buumer,  aH  seams  to  be  stitched  with  two  rows  of  stitching,  not 
less  than  six  stitches  to  the  inch,  with  three-cord  twelve-thread 
Sea  Island  cotton,  white. 

**  In  MtM^^i*^  tents  by  hand^  to  have  not  less  than  two  and  one- 
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half  stitches  of  equal  length  to  the  inch,  made  with  a  double 
thread  of  five-fold  cotton  twine,  drab,  well  waxed. 

"  The  seams  should  be  not  less  than  1  inch  in  width,  fist 
stitched,  and  no  slack  taken  in  them. 

"Grommei  holes. — Made  with  malleable  iron  rings,  galvanised, 
to  be  worked  with  four-thread  five-fold  cotton  twine,  well  waxed. 

"  Sod  doth. — ^To  be  8  inches  in  width  in  the  clear  from  the 
tabling,  into  which  it  is  inserted  1  inch  and  extending  from  door 
seam  to  door  seam  around  the  tent. 

"  Tabling.— On  foot  of  tent  when  finished  to  be  2§  inches  in 
width."     (Adopted  July  14,  1911.) 

A  ditch  should  be  dug  outside  the  tent,  at  least  on  the  up^biU 
side,  if  the  groimd  is  at  all  inclined.  This  will  prevent  rain- 
water from  draining  through  the  tent.  Of  course,  the  bottom  ol 
the  ditch  should  have  a  uniform  slope  draining  to  an  outfall 
amply  clear  of  the  tent. 

26.  Tent  floors.  Dry  floors  are  almost  essential  to  health. 
Sectional  floors,  about  3X9  feet  per  section,  made  by  fastening 
boards  to  cross  cleats,  provide  a  perfectly  dry  floor  and  often 
repay  their  transportation.  A  mere  layer  of  canvas,  cut  to 
proper  shape  and  bound  on  the  edges,  is  worth  providing  if  the 
ground  is  dry  when  the  tent  is  erected  and  can  be  kept  from 
getting  rainsoaked  by  proper  outside  drainage. 

27.  Tent  stoves.  For  winter  work,  tents  may  be  made  quite 
comfortable  with  stoves.  Oil  stoves  are  convenient  when  the 
oil  can  be  purchased  without  excessive  cost  for  transportation* 
"  Sibley  "  stoves,  burning  wood,  are  commonly  used  but  th^ 
require  smoke  pipes  which  must  pass  through  the  canvas  and 
this  means  that  the  holes  must  be  properly  protected  with  metal 
or  asbestos.  If  a  pipe  elbow  is  provided,  the  pipe  may  be  taken 
out  through  one  end  of  the  tent.  This  obviates  a  hole  in  the 
roof  of  the  tent  (and  also  the  fly) ;  it  avoids  a  direct  pour  of  rain 
on  the  fire  or  leakage  into  the  tent  around  the  pipe,  and  also 
the  danger  of  sparks  dropping  on  the  canvas.  A  "  Sibley  " 
stove  for  mere  heating  is  a  sheet-iron  frustum  of  a  cone,  about 
3  feet  high;  diameter  at  bottom  18  to  30  inches;  diameter  at 
top  4i  to  6  inches,  or  so  as  to  fit  the  stovepipe  which  is  to  be 
used.  It  has  no  bottom,  or  in  other  words,  the  bare  earth  forms 
the  base.  A  door,  large  enough  for  the  insertion  of  such  fuel 
as  it  is  designed  to  use,  is  placed  in  the  side.  Three  or  four 
lengths  of  pipe,  one  of  which  should  have  a  damper,  and  an  elbow. 
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should  be  provided.  Draft  at  the  bottom  is  obtained,  and  may 
be  easily  controlled,  by  packing  earth  around  the  base,  leaving 
a  small  opening  which  may  be  easily  enlarged  or  diminished  to 
contr(^  the  draft.  Cook  stove.  A  regular  6-hole  cooking  range, 
perhaps  made  of  wrought-iron  or  sheet-steel,  is  essential  to  cook 
meals  for  twenty  or  more  hearty  men.  Sporting  outfitters 
supply  all  sizes  of  stoves,  which  must  always  be  selected  with 
due  regard  for  the  faciUties  for  transportation.  Oil  stoves  are 
commonly  used.  For  still  smaller  parties,  or  when  no  cook 
stove  can  be  permitted  in  the  baggage,  a  primitive  grid  may  be 
made  from  four  sticks  of  green  timber  about  6  inches  in  diameter 
and  2  to  4  feet  long.  Notch  two  of  them,  each  with  a  pair  of 
notches  about  10  inches  apart.  Place  the  other  two  sticks 
across  the  notches  and  they  will  steadily  support  a  kettle  or  a 
frying  pan.  If  the  sticks  are  sufficiently  green  and  the  fuel  quite 
dry  the  grid  will  last  some  time.  A  folding  grid  of  iron  bars  may 
be  obtained,  which  is  but  a  small  addition  to  the  weight  of  the 
baggage.  Another  method  is  to  suspend  a  kettle  by  a  chain 
or  long  hook  either  from  a  tripod  of  sticks  or  from  a  horizontal 
stick  lying  in  two  forked  sticks  on  each  side  of  the  fire. 

28.  Dining  tables.  These  are  justifiable  for  a  large  party 
when  the  baggage  is  necessarily  great  and  camp  wagons  are  a 
part  of  the  equipment.  Mr.  Lavis,  in  the  article  previously 
referred  to,  describes  a  very  good  table  from  the  standpoint  of 
transportation.  The  table  top  consists  of  three  loose  planks 
1|"X12"X18'  0".  Two  similar  boards  are  used  for  seats. 
During  transportation  these  boards  are  placed  on  the  bottom 
of  the  wagon  and,  of  course,  project  from  the  back  where  they 
form  a  support  for  stoves,  etc.,  which  can  be  roped  on.  These 
boards  are  supported  on  three  trestles  or  horses,  made  as  shown. 
For  a  much  smaller  party,  a  table  may  be  improvised  by  utilizing 
two  "  mess-boxes,"  which  carry  the  cooking  utensils  and  table- 
ware. These  mess-boxes  are  about  20  inches  wide  and  high 
and  from  24  to  30  inches  long.  The  covers  are  made  to  open 
180®  and  may  be  fastened  horizontally.  An  "  inside  cover," 
which  can  be  utilized  as  a  bread  board,  covers  the  entire  inside 
area  of  the  box.  Two  such  boxes,  set  together  and  with  the  tops 
opened  out,  provide  a  fairly  even  surface  four  times  the  area 
of  one  box. 

29.  Cooking  utensils,  table-ware,  tools,  etc.  The  size  of  the 
party,  the  indi\'idual  preferences  of  the  person  designing  the 
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oi'tfit  and  the  facilitiee  for  transportation,  vary  such  lists  almost 
indelinitely.  Agate  ware  has  replaced  china  For  plates  and  cups. 
Aluminum  ware,  although  expensive,  is  preferable  from  a  cooking 
standpoint  and  has  the  advantage  of  a  very  material  reduction 
in  weight.  Out  of  the  very  great  number  of  liste  which  have 
been  published,  the  following  list  of  articles  is  quoted  as  sug- 
gestive: Plates,  cups,  saucers,  steel  knives  and  forks,  Germau- 
Hilver  spoons,  large  and  small,  carving  knives  and  forks,  large 
cooking  forks  and  spoons,  pepper  and  salt  boxes,  tin  pans  about 
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d  inches  disAMter  by  1)  inches  deep,  utiliied  for  serving  eout\ 
oereai,  etc.,  ptuis  and  kettles  of  varying  sizes  which  will  "  ocat " 
and  thus  facilitate  packing,  tea  kettle,  cofFee  pot,  frying  pan, 
griddle,  cake  turner,  pie  plates,  dripping  pan,  chopping  bowl 
and  chopper,  colander,  flour  sieve,  colfee  mill,  broiler,  corkscxaw 
and  can  opener,  roHing  pin,  folding  table  (similar  to  the  drawiag 
table  described  below),  wash  basins,  kerosene  oil  can,  aJuv 
dock,  spring  balance.  The  last  two  articles  are  importaBtt 
The  cook  is  the  first  man  up  in  the  morning — usually  befcN 
daylight — and  may  need  the  alarm  clock.  A  single  delay,  ttt 
even  ten  minutes  of  such  a  party,  wo«dd  cost  more  than  a  very 
valuable  clock.    A  ^ring  balance  is  very  essential  to  the  propar 
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df  each  kind  of  provisions  bo  that  there  will  be  sufficient,  but 
ro  waste.    Besides  the  above,  dish  toweb  are  practically  essen- 
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tial  and  tablecloths  and  napkins  are  easily  carried.  A  taUe 
oilcloth  may  replace  the  ordinary  tablecloth.  Wash  tubs  and 
wash  board  facilitate  the  washing  of  table  linen  and  also  under- 
wear, so  essential  to  clean,  healthy  Uving.  Illumination  for 
night  work  must  be  provided.  Reflecting  lanterns  will  answer 
for  all  tents  except  the  office  tent,  where  good  lamps,  with 
cylindrical  wick  and  center  draft,  or  similar,  should  be  provided. 
The  farther  the  party  travels  from  "  civiUzation  "  the  greater 
the  necessity  for  providing  for  emergencies,  breakages,  etc. 
Axes  are  essential,  apart  from  their  use  in  the  surveying  work. 
Extra  handles  should  be  provided.  A  saw,  brace  and  sever&l 
sizes  of  bits,  screw  drivers,  monkey  wrench,  files,  pliers,  hatchet, 
assorted  screws  and  nails,  pick,  shovel,  crowbar,  whetstone, 
rope  in  various  sizes,  sailor's  needles,  palm  and  sewing  twine, 
will  all  be  useful  and  even  invaluable  in  times  of  emergency. 
Canvas-covered  canteens,  for  each  member  of  the  party,  when 
passing  through  arid  regions,  may  be  essential. 

30.  Drawing  tables.  Complete  topographic  drawings,  made 
in  the  field,  are  absolutely  essential.  Suitable  drawing  boards 
are,  therefore,  required.  The  design  shown  in  Fig.  10  fulfills  all 
the  working  requirements;  it  also  is  easily  handled  when  packed 
up  and  is  not  readily  broken.  By  packing  them  together  in 
pairs,  face  to  face,  the  surfaces  are  protected  during  transpor- 
tation. The  table  consists  essentially  of  a  drawing  board  with 
stiffening  cleats.  The  legs  are  hinged  to  the  cleats,  the  braces 
for  each  pair  of  legs  being  of  just  such  a  length  that  when  opened 
the  legs  stand  at  the  desired  angle.  The  braces  are  hinged  and 
fold  up,  jackknife  fashion,  so  that  they  nowhere  project  beyond 
the  legs. 

31.  Stationery  and  map  chest.  Considering  that  the  maps, 
drawings  and  notebooks  may  represent  thousands  of  dollars, 
and  that  they  are  likely  to  be  injured,  if  not  irreparably  ruined, 
by  rain,  when  moving  camp  or  during  a  cyclonic  storm,  a  strong, 
water-tight  chest,  of  ample  capacity  for  all  drawings  and  note- 
books, should  be  provided.  It  should  be  required  that  aU 
drawings  and  notebooks  should  be  kept  in  the  chest  over  night 
and  at  all  other  times,  except  such  drawings  and  notebooks  as  are 
in  actual  use.  The  net  inside  length  should  be  a  Uttle  in  excess 
of  the  longest  roll  or  drawing,  which  is  perhaps  36  inches.  There 
should  be  a  tray  in  the  top  with  numerous  compartments  or 
boxes  for  the  multitudinous  small  articles  required  by  a  drafts- 
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man.  Handles  should  be  provided  for  convenience  and  it 
should  have  a  lock.  A  good  "  steamer  "  trunk  of  requisite  size 
will  answer  the  purpose,  provided  it  is  waterproof,  and  it  would 
perhaps  be  cheaper  than  a  chest  of  similar  size,  made  to  order. 
32.  Provisions.  A  "ration"  is  the  estimated  amount  of  food 
required  per  man  per  day.  For  men  engaged  in  strenuous  out- 
door work,  the  food  required  is  far  more  than  that  eaten  ordina- 
rily. Ration  lists  should  average  about  5  to  6  pounds  of  food 
per  day  per  man.  The  amount  that  must  be  transported  may 
be  considerably  less  than  this,  in  view  of  the  fact  that  e.g.,  dried 
vegetables  may  be  substituted  for  fresh  vegetables  in  the  ratio 
of  1  lb.  of  dried  for  3  lbs.  of  fresh,  the  water  used  in  cooking 
providing  the  other  two  pounds.  For  explorers,  who  carry  their 
own  provisions,  and  who  must  cut  down  every  possible  ounce  of 
baggage,  still  further  concentrations  are  possible. 


Article 

Fresh  meat,  including  fish  and  poultry,  (a) 

Cured  meat,  canned  meat,  or  cheese  (b) 

Lard 

Flour,  bread  or  crackers 

Corn  meal,  cereals,  macaroni,  sago,  or  cornstarch 

Baking  powder  or  yeast  cakes 

Sugar 

Molasses 

Coffee ■ 

Tea,  chocolate  or  cocoa 

Milk,  condensed  (c) 

Butter 

Dried  fruits  (cf) 

Rice  or  beans 

Potatoes,  or  other  fresh  vegetables  (c) 

Canned  vegetables  or  fruit 

Spices 

Flavoring  extracts 

Pepper  or  mustard 

Salt 

Pickles.^ 

Vinegar' 


100  ration? 

100  lbs. 

50  *' 

15  •• 

80  *• 

15  •* 

5  "      ' 

40  •* 

Igal. 

12  lbs. 

2  •• 

10  cam 

10  lbs. 

20  '• 

20  •• 

100  ** 

30  " 
1   '  * 

< « 

•• 

4  •• 

3  qts. 

1  •• 

"  (a)  Eggs  may  be  substituted  for  fresh  meat  in  the  ratio  of  8  eggs  for  1  lb. 
of  meat. 

*'  (6)  Fresh  meat  and  cured  meat  may  be  interchanged  on  the  basis  of  5  lbs. , 
of  fresh  for  2  lbs.  of  cured.     [This  ratio  5:2  is  far  higher  than  is  usually 
allowed,  5:3  or  even  less  is  usually  stated  as  the  equivalent  ratio.] 

"  (c)  Fresh  milk  may  be  substituted  for  condensed  milk  in  the  ratio  of  5 
quarts  of  fresh  for  1  can  of  condensed.  , 

*•  (d)  Fresh  fruit  may  be  substituted  for  dried  fruit  in  the  ratio  of  5  lbs. 
of  fresh  for  1  of  dried^  l 

**  («)  Dried  vegetables  may  be  substituted  for  fresh  vegetables  in  the  ratio 
of  3  lbs.  of  fresh  for  1  lb-  of  dried." 
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The  list  M  hokifm  of  p.  'id  is  «iven  by  H.  M.  Wilson  ('Top^ 
gFltphie  Suryesring  ")  sls  tbe  ration  list  ol  the  U.  8.  Geol.  Sury^« 
Ti^e  ^u^ntities  ^i;e  t^se  requited  to  make  i^  100  rations,  or  Ihp 
foo4  for  ,5  men  for  20  4ays,  or  for  100  men  for  one  day.  Th^ 
lyre  consjkiered  mi^cjmam-  The  sum  total  is  about  525  ihft.  or 
5i  lbs.  per  day  per  man. 

Wilson  states  tkat  the  eost  of  tiie  above  list  of  rati(His  shoidtf 
not  avera^  more  than  45  to  55  eents  per  day  for  average  con- 
ditions a^  with  a  maximum  of  75  cents,  but  considering  tlmk 
thjs  fitat^nent  was  written  m  1900,  some  allowance  may  need 
to  be  made  for  higher  prices  since  then. 

ThQ  Ust  given  below  represents  the  provisions  actually  supplied 
to  a  inining  eamp  in  British  Columbia.  The  list  has  been  rediteed 
to  the  average  quantity  actually  consumed  per  man  per  da^r^ 
The  food  supply  averaged  nearly  Q  lbs.  per  day  per  maa. 


Meat,  etc.: 

Fr.esh  beef 1 .  89      lbs. 

Bacon 076     ** 

H^m 060     " 

Codfwh 007     •* 

Canned  st^lmon 014  can 


Breads,  etc.: 

Pilot  bread 007 

Flour 894 

3iRl49g  powder 016 

Corn  meal 037 


lb. 


lbs. 


VeoiUcJiUs: 

Potatoes 1.421 

Turnips 010 

Carrota 047 

Beets 016 

Parsnips 023 

Rice 043 

Cabbage 101 

Dehydrated  onions. . .      .  0014 
'*  rhubarb.      .0029 

White  beans 0014 

Bayo       *•     027 

Lima       ** .013 

Bplit  peas 006 

Rowan" 0014 

Canned  tomatoes 016    can 

"     beans 0043  '* 

••    peas 0014   -*- 

Cereals: 

Pearl  barley 0004  lb. 

Rolled  oats 117     !* 


< « 
•  t 

< « 

(  4 
<  4 
4  4 
4  4 
«« 


Beverages: 

Tea 021  lb. 

Coffee 036  " 

Milk,  condensed 137  can 


Fruit: 

Dried  apples 040 

•*      pears 033 

**      peaches 029 

•  •      prunes 020 

•  *      apricots 007 

•*      figs .030 

Dehydrated  cranberries  .004 

Currants 021 

Jam 001 


lb. 

« « 

•  < 
«« 

•  « 

«« 
pin* 


Condiments,  etc. 

Mustard 

Salt 

Pepper 

Vinegar,  Klondyke.  . 
Worcestershire  sauce . 
Catsup 


lb. 
t « 


.001 
.036 
.001 
.0003pii>t 
.0043   •* 
.0029  gal, 


«« 


Miscellaneous: 

Sugar 594 

Lard 030 

Cheese 016 

Cornstarch 007 

Extract 049 

Curry  powder 0007 

Cinnamon 0009 

Hops 0001 

Nutmeg 0009 

Ginger 0014 

Maplelne 0011 

Candied  peel 004 

Butter 014 

Macaroni 003 

Sago Oil 

Tapioca 003 

Baker's  chocolate 0014 

Cocoanut .0003 

Pickles 003 


lb. 

4  « 

•  <       t 
«* 
«« 
<« 

4  4 

4  4 

4  4 

•  4 

OS. 

lb. 

4  4 

«» 

4  4 
4« 
4  • 

8Bl. 


Supplies:  candles,  .03  lb. ;  gold  dx^tt 
.003  lb.;  soap.  .024  bar. 
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The  following  list  of  provisions  t^as  bought  to  start  a  camp  bif 
20  to  25  men  on  the  Choctaw,  Oklahoma  &  Gulf  R.  R.  Survey. 
(F.  Lavis,  Trans.  Am.  Sdc.  C.  E.,  Vol.  LIV,  p.  104.) 


.  6  ham^ 

100  c^kes  soap 

6  pieces  of  bacon 

1  gal.  molasses 

50  lbs.  fresh  beef 

1  Cfijse  condensed  milk 

1  case  eggs 

1  doz.  tomato  catsup 

23  lbs.  butter 

\     ' '    Worcestershire  sauoe 

,25  ••    lard 

lOO  "    floilr,  haf-d  WhAit 

1  gal:  pickjes 

J  doz.  lemon  extract 

100  ' '    flour,  soft  wheat 

1     *  *    vanilla  extract 

100   "    sugar 

1  box  dried  prunes 

5  • '    baking  powder 

5  lbs.  raisins 

2   "    tea 

4  doz.  assorted  canned  fruits 

50   "    eoffiee 

1  case  tomatoes 

60  ' '    navy  beans 

1  bushel  potatoes 

25   ' '    lima  beans 

1  kit  salt  mackerel 

12   ••    buckwheat  flo\lr 

20  lbs.  salt 

5   "    piacaroni 

i    *•    mustard 

35  ■"    oornmeal 

1   "    pepper 

1  cheese,  about  15  lbs. 

1  qt.  vinegar 

12  packages  oatmeal 
10  lbs.  Hce 

i  doz.  yeast  cakes 

In  addition  to  the  above,  there  must  be  provided  plenty  of 
matches^  kerosene  oil  and  perhaps  candles.  As  a  matter  of 
health  conservation,  and  the  prevention  of  piles,  it  is  wise  to 
proyid^  tbil6t  papfer  and  to  insist,  if  necessary,  on  its  use.  There 
Is  feccmOtoy^  when  it  is  practicable,  in  making  wholesale  con- 
tracts for  all  provisions,  rather  than  to  buy  haphazard  from  small 
local  Etourees. 

3^.  Beds.  When  baggage  Wagons  accompany  the  party,  as  is 
virtually  htfeces^ary  to  transport  other  essential  equipment,  it  is 
dfesirfebfe  that  they  also  transport  army  cots.  These  fold  up  so 
as  to  be  easily  transportable.  It  is  a  wise  economy  to  obtain 
the  tegular  ^irmy  blankets,  since  they  are  what  long  experience 
has  approved.  Bedding  rolls  should  be  provided  for  the  bed- 
ding. Thiis  is  essential  to  keep  the  bedding  in  even  reasonably 
cleanly  condition,  especially  while  moving.  The  policy  of 
rwjiiiring  each  member  of  the  party  to  provide  himself  with  cot, 
bedding  and  cover,  and  to  care  for  them,  is  debatable.  As  a 
matter  of  business  economy,  the  company  should  buy  all  cots 
arid-  bedding  wholesale.  Requiring  each  one  to  purchase  hia 
owh  is  virtually  a  reduction  of  salary,  for,  if  a  man  leaves  the 
party,  he  usually  does  not  care  to  take  his  bedding  with  him, 
feJccept  iri  the  hope  of  realizing  something  on  it.  But  as  all  this 
is  cttfasidi^red  when  accepting  employment,  the  company  vir- 
tiiliily  pay^  for  the  bedding  by  an  increase  of  salary  over  what 
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they  would  have  to  pay  if  bedding  were  provided.  There  is  the 
same  reason  for  owning  bedding  as  for  owning  dishes,  eto. 
Sterilizing  bedding  by  means  of  a  formaldehyde  candle,  espedall^ 
after  a  man  has  left  the  party,  is  a  wise  sanitary  precaution  and 
nullifies  one  of  the  strongest  reasons  for  individual  ownerali^ 
34.  Transportation.  The  route  of  travel  of  a  mining  engineer, 
a  topographical  engineer  or  an  explorer,  may  be  over  countiy 
with  every  variety  of  surface  and  slope.  But,  since  a  practicabfe 
railroad  route  is  necessarily  on  a  low  grade,  except  as  it  may  pan 
over  a  ridge  or  mountain  to  be  pierced  by  a  tunnel,  the  questioQ 
of  grade  does  not  ordinarily  influence  the  method  of  transporta- 
tion and  wagons  can  ordinarily  be  used,  provided  the  nature  of 
the  surface  will  permit.  Strong  and  heavy  wagons  can  usually 
pick  their  way  between  the  camping  places,  even  though  long 
detours  must  be  made  to  avoid  swamps  or  other  obstructions. 
The  parties  surve3ring  the  Choctaw,  Oklahoma  &  Gulf  R.  R.,  pie- 
viously  referred  to,  used  two  teams  regularly,  one  of  which  stayed 
with  the  topographical  party.  They  used  a  third  team  for 
hauling  supplies.  Two  teams  of  horses  can  help  each  other  over 
a  particularly  bad  place  in  the  trail  or  in  the  case  of  accident. 
The  wagons  should  have  canvas  tops,  as  a  protection  against 
rain,  especially  while  moving.  Transportation  by  dogs  and 
sledges  is  only  applicable  under  very  limited  and  unusual  condJHr 
tions.  It  implies  winter  work,  which  is  always  imeconomioal 
and  inefficient  compared  with  summer  work,  but  in  a  v^ry 
swampy  country,  where  the  transportation  of  any  considerable 
amount  of  baggage  is  very  difi&cult,  and  where  it  freezes  during 
the  winter  to  a  comparatively  smooth  surface,  such  a  method 
may  be  preferable  in  spite  of  short  daylight  hours  and  other 
disadvantages.  **  The  Duluth,  South  Shore  &  Atlantic  Railf 
way  employed  toboggans  during  the  construction  of  its  road 
throughout  the  season  of  1887.''  The  description  of  this  work^ 
and  much  other  useful  information  is  given  in  a  paper  by  Chae. 
H.  Snow,  Vol.  XXIX,  p.  164,  in  the  Trans.  Am.  Inst.  Mining 
Eng'rs.  A  reconnoissance  through  a  comparatively  unexplored 
country,  made  with  the  object  of  discovering  a  practicable  loww 
grade  route  through  a  mountainous  section,  might  require  that 
all  baggage  shall  be  reduced  to  what  may  be  handled  in  packs 
carried  by  horses,  mules,  Indian  ponies  or  even  by  men.  The 
question  of  the  necessary  method  of  transportation  must  alwayif 
be  studied  before  beginning  a  survey,  since  the  entire  question 
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of  subsistence,  and  even  many  features  of  the  method  of  work, 
must  depend  on  what  can  be  included  in  the  baggage. 

35.  Clothing.  While  it  may  seem  an  unwarranted  inter- 
ference with  personal  liberty  to  control  the  clothing  worn  by 
members  of  the  party,  it  becomes  justifiable  when  the  efficiency 
and  progress  of  the  party  is  impaired  by  bad  health  or  disability, 
which  is  plainly  due  to  neglect  of  proper  precautions  in  the  way 
of  clothing  or  personal  sanitation.  Sore  feet  are  responsible  for 
a  large  part  of  the  disablement  of  men.  Washing  the  feet 
every  nightj  especially  when  they  have  become  wet,  will  often 
obviate  blisters.  Stockings  should  be  heavy,  made  of  "  natiural 
wool "  and  should  fit  tightly  enough  so  that  wrinkles  will  not 
form.  Shoes  should  have  heavy  soles  and  should  be  made  of 
such  tough  leather  that  they  will  not  easily  tear.  Rubber  boots 
should  not  be  worn;  they  make  the  feet  tender.  Although  a 
surveying  trip  is  usually  considered  as  the  opportunity  to  use  up 
discarded  clothing,  ordinary  clothing  is  usually  very  unsuitable 
and  quickly  becomes  imwearable.  When  camping  conditions 
are  rough  and  the  work  must  last  for  several  months,  and  possi- 
bly years,  clothing  made  of  specially  suitable  material  is  econom- 
ical. The  material  should  be  tough,  so  that  it  will  not  easily 
be  torn  by  brambles,  etc.  It  should  be  waterproof  so  as  to 
shed  rain  and  yet  should  be  porous.  It  should  be  so  thoroughy 
shnmken  that  moisture  cannot  appreciably  shrink  it  fiu-ther. 
"Mackinaw"  is  a  soft,  rough  cloth,  all  wool,  thoroughly  shrunken, 
light,  warm  and  waterproof.  It  is  especially  suitable  for  cold 
weather.  "  Pontiac  "  is  similar.  "  Khaki "  is  a  twilled  cotton 
and  is  especially  suitable  for  warm  weather  clothing.  "  Jungle 
cloth  "  is  somewhat  similar,  but  is  particularly  noted  for  its 
toughness  and  durability. 

Especial  care  should  be  taken  in  the  choice  of  underclothing, 
so  as  to  avoid  sudden  chills  after  becoming  overheated.  Woolen 
underclothing  is  almost  essential.  "  Cholera  bands,"  made  of 
wool,  should  always  be  worn  about  the  abdomen  in  tropical 
countrieSt 

MEDICAL  AND  SURGICAL  TREATMENT. 

36.  Responsibility  of  engiueer-in-charge.  Throughout  any 
surveying  trip,  where  camping  is  necessary,  professional  medical 
aid  is  usually  unobtainable.    There  rests  upon  the  engineer-in- 
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chnrgo,  {is  the  head  of  the  expedition,  some  nieasure  of  responsi- 
bility for  the  health  and  care  of  the  party.  When  some  member 
of  the  party  is  seriously  injured  by  accudent,  bitten  by  a  pQisqnous 
snake  or  insect,  or  stricken  with  a  sudden  and  viplpnt  attapk  flf 
disease,  and  competent  me4ical  assistance  is  absolutely  unpl)- 
tainable  for  several  days  or  even  weeks,  the  head  of  th^  P^r^y 
must  choose  between  seeing  the  victim  die  or  boldly  perfprmiiig 
some  simple  surgical  oi)eration  or  giving  medical  t^eatmept 
which  he  would  not  dream  of  doing  otherwise.  Jt  is  the  lesser  of 
two  evils  and  the  engineer  must  not  shirk  his  duty.  Even  though 
a  doctor  is  perhaps  obtainable  after  many  days  del^y  \^ 
despatching  a  messenger  50  miles  for  him,  common  sense  fij^i- 
aid  work  and  the  intelligent  use  of  a  few  simple  methods  &^d 
remedies  may  save  life  or  prevent  or  mitigate  permanent  di^ 
ablement.  The  outfit  should  include  a  sufficient  supply  of  the 
medicines  and  medical  appliances  which  would  most  probably 
be  required.  All  bottles  shouhl  be  carrierl  in  cases  to  prevent 
breakngc  and  the  corks  or  stoppers  secured  tightly.  When  prac^ 
tical)le,  the  drugs  should  be  in  tablet  form,  rather  jihan  liquid, 
and  a  normal  dose  should  l>e  marked  on  each  bottle  or  pack^e. 
They  should  be  doubly  labeled  and  the  labels  varpiphed  to 
prevent  their  coming  off  in  a  damp  climate.  All  adhesive 
plasters,  antiseptic  gauze,  and  such  appliances,  should  be  kepj; 
c:\refiiily  wrapped  up  and  jirotected  from  air  and  moisture. 

37.  Appliances.  The  very  simplest  medical  outfit  should 
include  a  j)air  of  good  scissors,  which  can  be  made  ant  iscptically 
clean  by  wiping  off  witli  alcohol;  a  knife  with  two  razor-sharp 
blades;  a  probe;  a  small  saw;  dent isst's  forceps;  a  pair  of  mouse- 
tooth  forceps;  a  hypodermic  syringe  and  two  needles,  or  the 
more  modern  individual  hy])()(lermic  syringe  packages;  also  indir 
vidual  necMlies  and  cat-gut  '^  Xo.  2  chroiqic  "  in  curved  vacijum 
tubes;  a  Iwo-cjuart  fountain  syringe;  supplies  of  sterilized  gauze, 
adhesive  i)lasler,  needles,  safety  pins.  The  engineer  shoiild 
thorouglUy  familiarize  himself  with  the  working  and  manner  qjf 
use  of  these.  Any  engineer  who  is  preparing  to  head  an  expedi- 
tion into  a  region  where  medical  attention  is  unobtainable  should 
consider  tluit  he  can  very  wisely  ppend  time  with  some  doctor 
friend  in  learning  the  elements  of  tho  use  of  all  these  appliances. 

38.  Antiseptics.  The  engineer  should  v/arn  his  men  of  the 
danger  from  the  infection  of  even  slight  wounds  and  scratchy, 
especially  va  hot  climates.     The  b?M  em.^^-^pnry  trjatment  fof 
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any  scratch,  naij  gouge,  pf  ^^il  in  the  fopt,  is  tq  ftpply  pure  tiwe- 
ture  of  io4ine  at  the  base  qf  the  wound  by  cotton  on  the  ^J\d  qi 
a  small  stipk  ox  probe-  A  more  modern  safe^guayd  against 
tetanus,  or  *'  lock-jaw,"  is  "  tetapus  antito^iu,"  PUt  UP  in  indi- 
vidual syringe  packages.  A  few  pf  the  paauy  efifective  antiseptic 
are  here  mentioned;  Bpric  ointmf^lit;  om  P^Jt  o{  powdered  boric 
acid  added  to  nine  parts  of  vaseline.  C^boUc  oioto^nt;  one 
Part  of  carbolic  acid  to  nineteen  parts  of  vaseline,'  lo^ctta 
powder  promotes  rapid  healing  of  sores  and  wounds;  oiie'part 
in  eight  parts  of  vaseline  is  a  good  healing  ointment.  Peqnan- 
gan^te  of  potAsli;  one  grain  gives  a  purple  color  to  a  gallon  of 
water;  if  the  water  is  impure,  the  purple  color  changes  rapidly 
to  brown  and  t^is  is  a  rough  test  of  organic  impurity ;  the  crystals 
are  soluble  in  20  parts  of  water;  it  is  especially  useful  in  the  treat- 
ment of  snake  bites.  In  a  snake-infested  country,  it  is  wise  for 
each  man  to  carry  permanganate  of  potash  crystals  with  him, 
for  use  in  emergency,    See  **  Bnake  bites,"  §  44, 

39.  Drinking  water.  Every  chief  of  party  should  see  to  it 
that  his  party  has  a  pure  supply  of  drinking  water  and  especially 
that  this  supply  is  not  contaminated  by  excrement  from  the 
camp  draining  into  it.  If  there  is  any  doubt  about  the  purity 
of  the  supply  (especially  if  so  indicated  by  the  permanganate^ 
pf-potash  test)  it  should  be  part  of  the  duty  of  the  camp  cook  to 
maintain  a  liberal  supply  of  boiled  and  cooled  water.  A  neglect 
of  such  a  precaution  might  easily  result  in  an  epidemic  of  typhoid. 
In  a  region  where  all  streams  are  contaminated,  perhaps  by 
decaying  vegetation  or  other  natural  cause,  it  may  be  wise  t6 
provide  canteens,  which  the  cook  should  furnish  each  morning 
filled  with  sterilised  water. 

40.  Bleeding  from  an  artery  or  vein  can  sometimes  be  stopped 
by  pressing  the  vessel  with  sufficient  pressure  to  stop  the  flow 
and  continuing  the  pressure  until  the  blood  coagulates.  If  the 
vein  or  artery  is  actually  severed  but  is  not  too  large,  the  bleed- 
ing may  be  stopped  by  the  use  of  a  pair  of  forceps;  grasp  and 
pinch  the  vessel  and  twist  it  around  three  or  four  times.  In 
about  t6n  minutes  the  forceps  may  be  removed.  If  the  vein  or 
artery  is  larger,  and  especially  when  it  is  an  artfery,  which  may 
be  recognized  by  spurts  of  bright  red  blood,  it  may  be  necessary 
to  tie  the  vessel.  This  may  be  done  with  catgut  ligature,  which 
should  previously  be  boiled  to  prevent  infection.  While  pre- 
paring for  this,  bleeding  should  be  stopped  by  teinpbrkry  pres- 
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sure.  This  is  most  easily  done  when  the  bleeding  vessel  may  be 
pressed  against  a  bone.  A  tourniquet  can  be  improvised  for 
pressing  a  pad  (or  even  a  stone)  against  the  vein  or  artery  of  a 
limb  by  using  a  stick  and  a  piece  of  cloth,  or,  perhaps,  a  rope  and 
a  small  block  of  wood.  Fasten  the  cloth  or  rope  into  a  loose  loop 
around  the  limb  and  run  the  stick  through  the  loop;  then  twist 
it  so  that  the  pad  is  pressed  down  as  desired.  The  rope  can  be 
so  disposed  as  to  press  the  block,  which  in  turn  presses  the  pad 
against  the  vein  or  artery. 

41.  Ailments  and  diseases;  medicines;  treatment. 

Colic  or  cramp.  Essence  of  ginger,  5  to  20  drops,  in  a  small 
amount  of  very  hot  water. 

Diarrhoea.  Remove  the  bowel  irritant  by  a  castor-oil  purge; 
then,  if  diarrhoea  continues,  give  one-half  teaspoonf ul  of  bismuth 
sub-carbonate  every  two  or  three  hours  until  relieved. 

Purgatives.  Epsom  salts;  dose,  two  teaspoonsful  in  a  small 
glass  of  hot  water.  Calomel;  dose,  two  to  five  grains;  should 
be  followed  by  Epsom  salts.  Cascara  sagrada;  dose,  two  to 
six  grains.  Castor  oil;  dose,  one  to  three  tablespoonsful, 
which  may  be  made  more  palatable  by  mixing  with  an  equal 
amount  of  glycerine,  and  then  putting  the  mixture  into  a  glass 
of  lemonade.  Any  tendency  to  constipation,  which  leads  to 
intestinal  poisoning  and  appendicitis,  may  be  avoided  by 
using  a  laxative,  made  as  effective  as  necessary,  about  once  a 
week. 

Emetics.  Common  salt  (two  tablespoonsful),  or  mustard  (one 
tablespoonful)  or  Ipecacuanha  (30  grains)  or  Zinc  Sulphate  (30 
grains),  dissolved  in  a  glass  of  water.  Tickling  the  throat  with 
a  feather  may  sometimes  be  effective.  Strong  "  Ivory  "  soap 
suds  is  excellent. 

Malaria.  Five  grains  of  Quinine  as  a  preventive;  ten  grains, 
three  times  a  day,  as  an  ordinary  maximum  dose.  Larger  doses 
are  often  given  but  it  is  dangerous  unless  under  the  care  of  a 
physician. 

Cold-in-head.  Rhinitis  tablets,  given  as  directed  on  bottle, 
are  effective  to  break  up  an  incipient  cold.  "  Dover's  powder  **; 
dose,  five  to  ten  grains.  Keep  patient  warm,  with  hot-water 
bottles  and  hot  drinks. 

42.  Drowning;  electric  shock,  asphyxiation.  The  trouble  and 
the  remedy  is  essentially  the  same  in  all  three  cases;  respiration 
has  been  temporarily  suspended  and  must  be  promptly  restored 
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by  artificial  means.  Loosen  the  patient's  clothing,  especially 
about  the  neck.  In  a  drowning  case,  lay  the  patient  on  the 
ground,  face  down,  straddle  him  and  raise  him  at  the  hips  so 
that  the  water  in  the  air  passages  will  drain  out.  Remove  from 
the  mouth  any  tobacco,  false  teeth  or  anything  else  that  might 
obstruct  breathing.  Draw  the  tongue  forward  with  forceps  or  a 
handkerchief.  Then  lay  him  face  down,  but  with  the  face 
turned  to  one  side  so  as  to  f  acihtate  breathing,  and  with  the  arms 
extended  forward.  Then  the  operator,  kneeling  astride  the 
patient,  facing  his  head,  and  with  the  hands  pressing  on  the  lower 
ribs,  gradually  presses  down  so  as  to  expel  the  air  from  the 
lungs.  Then  he  suddenly  removes  the  pressure  by  swinging 
back,  and  thus  allows  air  to  enter  the  lungs.  Repeat  the  move- 
ments every  four  or  five  seconds,  until  natural  breathing  com- 
mences. Considering  the  fact  that  this  method  has  successfully 
restored  breathing  after  some  hours  of  unsuccessful  effort, 
and  also  that,  in  those  cases,  the  patient  would  have  died  except 
for  the  persistency  of  the  effort,  the  operator  must  not  be  dis- 
couraged because  his  efforts  are  not  inmiediately  successful. 
Promptness  in  beginning  such  treatment  is  so  important  that 
it  is  better  to  commence  at  once  (even  outdoors)  rather  than 
allow  any  material  delay  in  order  to  get  the  patient  to  a  house. 
The  patient  should  be  allowed  plenty  of  air;  crowding  around 
him  should  be  avoided.  A  blanket,  extra  clothing,  hot  bricks 
or  stones,  or  hot-water  bags,  to  restore  heat  to  the  body,  will  be 
of  assistance,  provided  they  do  not  interfere  with  the  respiration 
operations.  Do  not  attempt  to  make  the  patient  swallow  any- 
thing (e.  g.,  a  stimulant),  until  he  is  fully  conscious;  otherwise 
he  will  choke. 

43.  Fractures.  Obtain  medical  aid  if  possible,  but  if  this  is 
unobtainable,  except  after  a  delay  of  many  days  or  weeks,  and 
it  is  uncertain  even  then,  it  may  be  preferable  to  take  the  chances 
of  common-sense  treatment,  even  if  unskilled,  rather  than  the 
certain  permanent  injury  due  to  neglect  of  all  treatment.  Frac- 
tures are  (a)  simple,  when  the  skin  is  not  broken;  (b)  compound, 
when  the  skin  is  so  broken  that  the  fractured  bone  is  more  or  less 
exposed  to  the  air;  and  (c)  comminuted,  when  there  are  two  or 
more  breaks  of  the  same  bone;  a  comminuted  fracture  may  be 
simple  or  compound.  Great  care  should  be  used  in  handling 
the  patient  immediately  after  the  accident  so  that  a  simple  frac- 
ture does  not  become  compound.    A  broken  limb  should  Jo 
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cakfully  straight^ed  out  and  bound  temporarily  with  the  beet 
itnprovised  splints  which  are  available  until  the  patient  can  be 
relnoved  td  a  bed.  Even  if  amateur  bone  setting  is  decided 
to  be  advisable,  setting  should  hot  be  attempted  if  there  is  excc^ 
sive  swelling  or  tenderness.  Apply  ice  or  evaporating  lotimu 
to  reduce  any  swelling.  Splints  should  be  made  which  are  of 
proper  length  and  are  so  rounded  and  padded  with  cloth  that 
they  cannot  produce  any  concentrated  pressure.  Usually  the 
dislocated  bones  are  forced  past  each  other,  especially  if  the  frao* 
ture  is  oblique  rather  than  perpendicular,  and  it  is  always  neces-: 
sary  to  use  considerable  force,  especially  if  it  is  a  broken  leg,  to 
pull  the  bones  back  into  position.  The  amateur  must  use  hid 
best  common  sense  and  knowledge  of  skeleton  anatomy  to  restore 
the  fragments  to  the  same  relative  position  they  had  previously; 
and  then  to  secure  them  rigidly  stiff  with  splints.  Comparison 
with  an  unbroken  arm  or  leg  will  be  made  even  by  a  skilled 
surgeon,  and  such  a  comparison  should  be  carefully  studied  by 
the  amateiir.  While  the  binding  should  he  as  firm  as  it  is  safe 
to  make  it,  it  may  be  so  tight  as  to  produce  swelling  and  even 
ulceration,  and  then  the  binding  must  be  loosened.  Compound 
fractures  require  the  care  of  the  flesh  and  skin  wound  in  addition 
to  the  bone  setting.  The  wound  should  be  treated  as  described 
for  wounds,  but  the  splints  and  binding  should  be  designed  so 
that  the  wound  can  be  properly  dressed  without  loosening  the 
splints.  If  the  broken  bone  protrudes  through  the  wound,  it 
must  be  drawn  back  so  that  the  wound  can  heal  extemallyj 
even  though  the  ix)ne  setting  is  beyond  the  skill  of  the  amateur 
surgeon.  Setting  usually  requires  about  six  weeks,  but,  in  tlio 
case  of  a  limb,  the  joints  above  and  below  the  break  should  be 
very  carefully  moved  after  about  three  weeks,  so  as  to  avoid 
stiff  joints,  special  care  being  taken  that  there  is  no  strain  on  the 
healing  bone. 

44.  Snake  or  insect  bites.  The  majority  of  snake  bites  occttt 
on  the  limbs.  In  such  a  case  (1)  tie  a  cord  or  bandage  about  the 
limb  just  above  the  wound  as  promptly  as  possible,  so  as  to 
prevent  the  poisoned  blood  from  getting  into  the  systein;.  (2) 
cut  into  the  wound  so  as  to  induce  free  bleeding;  (3)  suck  tbe 
wound  to  aid  in  drawing  out  the  poisoned  blood;  there  is  little 
br  no  danger  in  this,  provided  the  mouth  is  free  from  sores,  and 
provided  the  mouth  is  immediately  rinsed  out,  preferably  with 
an  antiseptic  solUtioUi  such  as  a  light  purple  solution  of  petw 
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manganate  of  potash;  (4)  inject  into  the  wdtmd  a  strong  solu- 
tion of  pennanganate  of  potash,  which  may  be  done  hypoder- 
mically  or,  perhaps,  even  by  liibbing  into  the  wound  crystals  of 
the  drug.  When  the  case  is  very  serioiis,  on  account  of  the 
known  deadly  character  of  the  poison,  and  when  no  permanganate 
of  potash  is  obtainable,  heroic  measures  are  sometimes  necessary. 
Pure  carbolic  acid,  or  caustic,  may  be  used,  if  available.  Cauter*- 
i2dng  the  wound  with  white-hot  iron,  exploding^  a  pinch  of  gun- 
jpowder  over  the  wound,  shooting  away  the  infected  part  with  a 
gun,  or  even  summary  amputation  with  a  hatchet,  may  some* 
times  be  considered  the  lesser  of  two  evils.  If  the  hmb  has  been 
tightly  tied,  it  will,  of  course,  produce  great  pain,  discoloration 
and  swelling,  which  must  not  be  continued  too  long.  A  second 
ligature. should  be  tied  a  few  inches  above  the  first.  When  the 
limb  becomes  very  swelled  and  painful,  loosen  the  first  ligature 
for  about  ten  seconds  and  again  tighten,  and  then  loosen  the 
second  ligature  for  ten  seconds  and  again  tighten.  After  fif- 
teen minutes,  repeat  the  loosening  and  tightening.  After  about 
eight  repetitions,  the  ligatures  may  be  removed  altogether.  If 
the  poison  is  partly  sucked  out,  the  remainder  partly  neutralized 
with  chemicals,  and  does  not  get  fully  into  the  system  for  two 
hours,  the  danger  is  greatly  diminished.  Of  course  bites  on  the 
face  or  body  cannot  be  tied  up  and  can  only  be  treated  by  sucfc- 
ing  out  the  poison  and  by  chemicals.  Stimulation  of  the  heart 
is  usually  essential,  which  may  be  done  with  one  teaspoonful  of 
aromatic  spirits  of  ammonia  in  two  tablespoonsful  of  water,  or 
with  alcoholic  liquor,  preferably  whiskey.  One  l-30th  grain 
strychnine  tablets,  dissolved  in  two  tablespoonsful  of  water,  is 
also  a  stimulant.  If  a  hypodermic  is  available,  one.  tablet  may 
be  dissolved  in  thirty  drops  of  sterile  water  and  inserted  in  the 
back  or  arm,  well  under  the  skin. 

45.  Wounds.  First,  last  and  all  the  time,  prevent  Infection. 
The  marvelous  success  of  modem  surgery  is  due  largely  to  anti- 
septic methods.  Neglect  of  cleanhness  almost  inevitably 
induces  blood  poisoning.  A  perfectly  clean  cut,  after  being 
washed  and  sterilized  with  iodine,  may  be  closed  with  adhesive 
plaster,  taking  stitches,  if  necessary,  with  sterilized  catgut  or  silk 
or  linen  thread.  The  stitches  may  be  removed  in  a  week. 
But  when  the  flesh  is  torn  and,  especially,  when  dirt  and  other 
matter,  which  is  possibly  poisonous  or  infectious,  has  been  forced 
into  the  wound,  there  is  great  danger  of  blood  poisoning,  and 
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the  wound  must  be  cleansed.  First,  cover  the  wound  itself 
with  a  pad  which  has  been  soaked  in  an  antiseptic  solution  and 
then  wash  the  skin  (shaving  off  all  hair),  all  aroimd  the  wound, 
using  first  soap  and  then  an  antiseptic  solution.  Then  cleanse 
out  all  foreign  matter  from  the  wound,  using  antiseptics  and 
pack  the  wound  with  strip  gauze,  soaked  in  the  antiseptic,  so  as 
to  extend  from  the  deepest  part  of  it  to  the  outside.  This  will 
drain  the  discharges.  The  dressing  should  be  renewed  every 
day,  or  even  three  times  per  day,  according  to  the  severity  of 
the  wound,  until  the  woimd  shows  a  tendency  to  heal.  A  gaping 
torn  wound  should  not  be  sewed  up,  except  to  bring  the  edges 
together  temporarily. 

45a.  Medical  outfit  to  be  carried.  The  quantity  of  medicine 
which  should  be  carried  is  necessarily  guess-work.  If  the  party 
has  great  good  luck,  it  might  bring  back  the  entire  supply  un- 
touched. On  the  other  hand  severe  sickness  might  exhaust 
some  of  the  medicines  long  before  the  survey  is  complete.  But 
the  following  list  has  been  estimated  as  a  reasonably  proper 
supply  for  a  party  of  25  men  which  may  be  out  of  reach  of  an 
adequate  source  of  medical  supplies  for  a  period  of  six  months. 
The  list  should  be  varied  somewhat  according  to  the  climate. 
The  probabilities  of  disease,  snake-bites,  etc.,  in  a  cold  climate 
9re  not  the  same  as  those  of  the  tropics.  Some  of  the  following 
articles,  those  commonly  required  for  "  first-aid  "  work,  should 
always  be  provided,  even  when  the  party  will  never  be  more  than 
a  few  hours  distance  from  medical  assistance. 


Boric  acid,  powdered,  5  lbs. 

Carbolic  acid,  pure,  1  oz. 

Iodoform  powder,  2  oz. 

Permanganate  of  potash,  8  oz. 

Essence  of  ginger,  2  oz. 

Epsom  salts,  50  lbs. 

Calomel,  1000  >ij-gr.  tablets. 

Cascara  sagrada,  1000  5-gr.  tablets. 

Castor  oil,  4  quarts. 

Glycerine,  4  quarts. 

Ipecacuanha,  6  oz. 

Individual  hypoder.  syr.  packages; 
Tetanus  antitoxin,  12  units;  Mor- 
phine OA  Rr.),  Atropine  (HfiO  gr.); 
(for  agonizing  pain);  24  units; 
Strychnia  (Ho  gr.);  24  units;  Cam- 
phorated oil;  24  units  (for  pro- 
found shook) ;  Digalon  (20  drops) ; 
24  units  (for  acute  heart  trouble). 


Bismuth  sub-carbonate,  2  lbs. 

Zinc  sulphate,  4  oz. 

Quinine    1000  5-gr.  tablets. 

Rhinitis,  2000  5-gr.  tablets. 

Dover's  powder,  1000  5-gr.  tablets. 

Caustic,  AgNOa,  24  sticks. 

Aromatic  sp'ts  of  ammonia,  1  pint. 

Strychnine  tablets,  1000  J^io  gr. 

Carbolized  vaseline,  12  l-o».  jars. 

Sterilized  gauz^,  5  dos.  individual 
1-yard  rolls. 

Adhesive  plaster,  3  5-yard  rolls,  12 
inches  wide. 

Needles  and  catgut,  No.  2  chromic, 
in  curved  vacuum  tubes,  12  pack- 
ages. 

Needles,  safety  pins,  etc. 

Instruments,  etc.,  as  listed  in  (  37. 


CHAPTER  n. 


ALINEMENT 


In  this  chapter  the  alinement  of  the  cenier  line  ODly  of  a  pair 
of  rails  is  considered.  When  a  raikoad  is  crossing  a  summit  in 
the  grade  line,  although  the  horizontal  projection  of  the  aline- 
ment may  be  straight,  the  vertical  projection  will  consist  of 
two  sloping  lines  joined  by  a  curve.  When  a  curve  is  on  a 
grade,  the  center  line  is  reaXiy  a  spiral,  a  curve  of  double  curva- 
ture, although  its  horizontal  projection  is  a  circle.  The  center 
line  therefore  consists  of  straight  lines  and  curves  of  single 
and  double  curvature.  The  simplest  method  of  treating  them 
is  to  consider  their  horizontal  and  vertical  projections  separately. 
In  treating  simple,  compound,  and  transition  curves,  only  the 
horizontal  projections  of  those  curves  will  be  considered. 


w: 


SIMPLE    CURVES. 


fi.  Designation  of  curves.  A  curve  may  be  designated  eit^<a{.  , 
by  its  radius  or  by  the  angle  subtended  by  a  chord  of  unn? 
length.  Such  an  angle  is  known 
as  the  "  degree  of  curve  "  and  is 
indicated  by  D.  Since  the  curves 
that  are  practically  used  have  very 
long  radii,  it  is  generally  impracti- 
cable to  make  any  use  of  the  actual 
center,  and  the  curve  is  located 
without  reference  to  it.  If  AB  in 
Fig.  11  represents  a  imit  chord  (C) 
of  a  curve  of  radius  R,  then  by  the 
above  definition  the  angle  AOB 
equals  D.    Then  Fia.  li. 


AO  sin  iD  =  iAB'=iC. 


R 


hC 


sin  Ji>' 


•    ■ 


.  .  .  (1) 
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or,  by  inversion, 

C 
siniD=2y^ (2) 

The  unit  chord  is  variously  taken  lliroughout  the  worUl  U8 
100  feet,  66  feet,  and  20  meters.  In  the  Tnited  States  100 
feet  is  invariably  used  as  the  unit  chord  length,  and  throughout 
this  work  it  will  be  so  considered.  Table  I  has  been  computed 
on  this  basis.  It  gives  the  radius,  with  its  logarithm,  of  all 
curves  from  a  0°  01'  curve  up  to  a  10°  curve,  varying  liy  Binglo 
mihiitea.  The  sharper  curves,  which  are  seldom  used,  are  giveh 
with  larger  intervals. 

An  appro.ximate  value  of  R  may  be  readily  found  from  th^ 
following  simple  rule,  which  should  be  memorized: 

D     5730 

Although  such  values  are  not  mathematically  correct,  since :A 
dot»s  hot  strictly  varv  inversely  as  /),  yet  the  resulting  value  is 
within  a  tenth  of  one  per  cent  for  all  commonly  used  values 
of  R,  and  is  sufficiently  close  for  many  purposes,  as  will  be 
pliown  later. 
"^^  47.  Metric  Curves.  The  unit  chord  for  railroad  curves  on 
the  metric  system  is  20  meters.  If  a  curve  has  a  lOO-foot  chotq 
and  a  central  angle  of  5°,  the  radius  would,  of  cours(»,  be  1146.3 
feet.  Since  20  meters  =()5.0174  feet,  a  2()-meter  ('hord  between 
those  same  radial  lines  would  subtend  an  arc  with  a  radius  of 
.656174X1146.3  feet,  or  752.16  feet.  But  this  radius,  measured 
in  meters,  would  be  (.656174  X 1 146.3) -^ 3.28087  =  229.26  meters, 
which  is  1 146. 3 X. 20.  In  other  words,  the  radiiLs  of  any  metric 
curve,  measured  in  meters,  is  numcricalhj  one-fifth  of  the  radius, 
measured  in  fe<^t,  of  the  siime  degree  curve,  })ut  in  actual  length 
is  a  little  less  than  two-thirds.  This  practically  means  that  a 
10°  curve,  metric,  is  actually  very  much  sharper  than  a  10® 
curve,  using  foot-measure,  or  that  the  radius  is  about  66%  as 
nuich.  Therefore,  in  selecting  curves  for  location,  an  engineer, 
who  is  accustomed  to  the  foot-measure  system,  should  remember 
that  a  10°  curve  metric,  for  example,  has  approximately  the 
same  radius  as  a  15°  curve,  using  foot-measure.  While  it  is 
more  convenient  for  an  engineer,  who  is  constantly  using  the 
metric  system  for  curves,  to  have  tables  computed  directly  on 
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this  basis,  ap  engineer  need  not  be  dependent  on  such  tables, 
since  it  is  only  nelcessary  to  divide  the  talDular  quantities  in  the 
foot^table  by  5  to  obtain  the  borrfespohd- 
ing  quantities  fot  the  rhetric  system.  This 
appliel^.  not  only .  to  radii,  but  also  to 
tangents,  external  distances  and  long 
chdrds  for  a  1  **  cilrve.  A  desired  logarithm 
,  may  b^  obtained  by  sub tractuig  0.6989700 
'  from  the  fobt^table  logarithin. 

Fdr  efxamjile,  anticipating  the  fexplana- 
tiOil  in  Art;  -  53j  what  is  the  tangent 
distdnde  of  a  6°  metrid  curve^  lihen  the 
tetitrkl  aii^e  is  32**  40'.  Froni  Table  II,  we 
find  ifkt  by  the  fbbt^yi^tem  the  tangent 
diStancJfe  for  a  1**  durve  when  thfe  cehtral 
angle  is  32°  40'  is  1679.1  feet;  then  for 
^  6°  tfurve  it  is  1679.1-*- 6 =279.85  ffeet; 
for  a  6°  metric  curve  it  is  279.85-?- 5  = 
55.97  ttieteM.  The  radius  of  the  6°  metric 
eurv6=«:9^;37 -5^5  =  191.074  meters,  which  is  in  actual  length 
about  m%  df  9te.37  f^t. 

As  aik)th6r  illustration  of  the  transformation  from  the  foot^ 
ey«itftrii  to  the  tnetric  Syfeteiiiy  or  vice  versa,  the  degree  of  a  curve; 
by  &e  feot  system,  inay  be  multiplied  by  .66  knd  obtain  appro*.- 
iiiisltely  thfe  degree  of  the  equivalent  curve  by  the  metric  system; 
For  example,  a  6°  curve,  foot  system,  has  about  the  same  actual 
radiUd  as  a  6X^66 =3.96°  metric  curve,  or  about  a  4°  curve. 
\^48«- ^eii^h  of  a  subchord.  Since  it  is  impracticable  to 
Itieagtire  alofig  &  curved  arc,  eurves  are  always  measiu*ed  by 
layiii^  off  lOO-foOt  chord  lengths.  This  means  that  the  actual 
arc  lib  always  a  little  longer  than  the  chord.  It  also  means  that  a 
stibbfvord  (a  chord  shorter  than  the  imit  length),  will  be  a  little 
longer  than  the  ratio  of  the  angles  subtended  would  call  for. 
The  triith  of  this  inay  be  seen  without  calciilation  by  noting  that 
iwo  etfual  subchords,  each  subtending  the  angle  JD,  Will  evi- 
dently-bfe  sUghtly  longer  than  50  feet  each.  If  c  be  the  length  of 
ft  Isubehord  sUbtending  the  angle  dj  then,  as  in  Eq.  2, 


sin  §<£  =  —. 


or,  by  inversion, 


c=2l-ft  sin  hd. 


(3) 
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d 
The   nominal  length  of  a  subchord  =  100 — .    For  example, 

a  nominal  subchord  of  40  feet  will  subtend  an  angle  of  ^^ftj- '  €l 
D^'f  its  true  length  will  be  slightly  more  than  40  feet,  and  may 

be  computed  by  Eq.  3.  The  diffentu^a 
between  the  nominal  and  true  lengite 
is  maximum  when  the  subchonli  is 
about  57  feet  long,  but  with  the  loir 
degrees  of  curvature  ordinarily  used 
the  difference  may  be  neglected.  With 
a  10°  curve  and  a  nominal  chofd 
length  of  60  feet,  the  true  length  ill 
60.049  feet.  Very  sharp  curves  shoukl 
be  laid  off  with  50-foot  or  even  25-loo% 
chords  (nominal  length).  In  sodi. 
Pjq  ^3  cases   especially   the  true  lengtht^  6l 

these  subchords  should  be  compate<| 
and  used  instead  of  the  nominal  lengths. 

For  example,  assume  that  a  12°  curve  begins  at  Sta.  26-f'3(K 
The  first  subchord  will  be  nominally  70  feet  and  actually 
70.066  feet.  Assume  that  the  central  angle  between  th» 
tangents  is  39°  36'.  Then  the  nominal  length  of  curve  k 
39.6° ^12°  =3.30  stations.  3.30 -.70 =2.60,  the  nominal  length 
of  curve  beyond  the  first  station  point  on  the  curve.  The  final 
subchord  is  nominally  60  feet,  but  its  actual  length  is  60.070 
feet. 

The  values  of  these  subchords  for  even  degrees  between 
5°  and  30°,  and  for  nominal  chord  lengths  of  10,  20,  ^30, 
40,  45,  50,  55,  60,  65,  70,  75,  80,  85,  90  and  95  feet,  are  given 
in  Table  Ila.  The  excess  values  increase  approximately  as 
the  square  of  the  degree  of  curvature,  but  for  intervals  of 
1°  simple  interpolation  will  be  suflBciently  accurate  for  inter* 
mediate  values. 

49.  Length  of  a  curve.  The  actual  mean  length  of  the  two 
i^jis  will  be  more  than  the  nominal  length  of  the  curve,  as  defined 
above,  and  even  more  than  the  sum  of  the  full  100-foot  lengtha 
and  the  true  lengths  of  the  subchord  lengths  at  the  ends.  In 
the  above  numerical  case  the  mean  rail  length  is 

39.6*^  Xt—^  XR  =  39.6°  X  •—  X478.34 = 330.604, 
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The  sum  of  the  two  full-chord  lengths  and  the  two  subchords  is 
70.066+200+60.070  =  330.136.  A  large  part  of  the  excess 
(330.604-330.136  =  .468)  is  the  excess  length  (.183)  of  each 
arc  of  a  12°  curve  over  the  100-foot  chord.  The  remainder  is 
the  excess  of  the  70-foot  and  60-foot  arcs  over  the  true  chord 
lengths.  But  this  excess  length  is  of  little  practical  importance. 
In  the  above  case  (a  12°  curve)  it  adds  about  0.2%  to  the  length 
of  rail  that  must  be  bought.  The  excess  varies  approximately 
as  the  square  of  the  degree  of  curvature.  The  percentage  of 
excess  for  the  entire  length  of  a  road  is  utterly  insignificant  and 
is  swallowed  up  by  the  2%  excess  which  is  usually  allowed  for 
wa^age  in  rail  cutting. 

I/50.  Curve  notation.  The  notation  adopted  by  the  Amer. 
Rwy.  Eng.  Assoc,  indicates  any  point  where  there  is  a  change  of 
alinement  by  two  letters,  the  first  of  which  denotes  the  alinement 
on  the  side  toward  station  zero  and  the  second  that  away  from 
station  zero.  Thus,  the  beginning  of  a  curve,  or  the  change  from 
a  tangent  to  a  simple  curve,  is  noted  as  TC;  the  other  end  of  the 
curve,  or  the  change  from  a  simple  curve  to  a  tangent  is  noted  as 
CT,  But,  since  the  use  of  two  letters  to  indicate  a  point,  or  the 
use  of  four  letters  to  indicate  &  line  joining  the  two  points,  is 
cumbersome  in  the  algebraic  solutions  and  demonstrations  which 
follow  (demonstrations  which  the  A.  R.  E.  A.  do  not  give),  the 
author  has  decided  to  retain  the  old  notation,  rather  than  to  try 
to  conform  to  the  A.  R.  E.  A.  a^tation.  The  A.  R.  E.  A.  sys- 
tem also  indicates  the  central  angle  of  a  curve,  or  the  angle 
between  the  two  tangents,  by  /.  In  the  first  edition  of  this 
work,  the  author,  following  Searles,  indicated  the  central  angle 
by  A.  To  make  even  this  change,  for  the  sake  of  conformity, 
would  require  a  change  in  all  the  mathematical  work  and 
figures  involving  curves  throughout  the  book.  In  Fig.  14 
both  notations  are  given,  the  A.  R.  E.  A.  notations  being 
given  in  parentheses.  Both  notations  are  also  shown  in 
Fig.  36,  which  illustrates  a  transition  curve  or  spiral.  It 
should  be  noted  that  some  of  the  notations  coincide  for  some 
of  the  elements. 

51.  Elements  of  a  curve.  Considering  the  hne  as  running 
from  A  toward  J5,  the  beginning  of  the  curve,  at  -4,  is  called 
the  paint  of  curve  (PC).  The  other  end  of  the  curve j  at  B,  is 
called  the  point  of  tangency  (PT),  The  intersection  of  the 
tangents  is  called  the  vertex  (V).     The  angle  made  by  the 
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tangents  at  V,  which  equals  the  angle  made  by  the  radii  to 
the  extremities  of  the  curve,  is  called  the  central  angle  (^).  AV 
and  BV,  the  two  ecjual  tangents  from  the  vertex  to  the  PC 
and  Tf  are  callod  the  tange  I  distances  (T).  The  chord 
Ali  is  called  the  long  hord  (LC).  The  intercept  HG  from 
the  middlo  of  the  long  (thord  to  the  middle  of  the  arc  is  called 
the   middle  ordi.iule  (M).     That  part  of  the  secant  GF  from 


Fig.  14. 


the  middle  of  the  arc  to  the  vertex  is  called  the  external  distance^ 
{E).  From  the  figure  it  is  very  easy  to  derive  the  following 
frequently  used  relations: 


7'  =  7etanU. 


(4) 


LC  =  2iesin  \\. 


(6) 


M  =  R  vers  J  A. 


(6) 


ij7  =  i2exsec  iA (7) 


.  52.  Relation  between  T,  E,  and  A.     Join  A  and  G  in  Fig.  14. 

The  angle  rA6  =  lA,  since  it  is  measured  by  one  half  of  the 
arc  AG  between  the  secant  and  tangent. 

yir.O  =  90°-iA. 
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AY:VG::mnACfY:mV4a[ 
sin  4G^F»ain  490~cof  }A; 

T  ;^  ::  oqbJA  :sui  i^i 

T=Ecot  }A (S) 

The  same  relation  may  be  obtauied  by  dividing  Eq.  4  by  Eq. 
7,  shice  tan  G-^exsec  a  =  cot  Ja. 

//53«  Elements  of  a  i*  curve.  From  Eqs.  1  to  Sit  is  seen  thai 
the  elements  of  a  curve  vary  diirectly  as  Jfe.  It  is  also  seen*  to 
be  very  nearly  true  that  R  varies  inversely  as  D.  If  the  ele- 
ments of  a  l**  curve  for  various  central  angles  are  calctilated  sthd 
tabulated,  the  elements  of  a  curve  of  D°  curvature  haay  be 
approximately  found  by  dividing  by  D  the  corresponding  ete^ 
ments  of  a  1**  curve  haviug  the  same  central  angle.'  Fbr  small 
central  angles  and  low  degrees  of  curvature  the  errors  involved 
by  the  approximation  are  insignificant,  and  even  for  larger 
angles  the  errors  are  so  small  that  for  many  purposes  they  may  be 
disregarded 

In  Table  II  is  given  the  value  of  the  tangent  distances, 
external  distances,  and  long  c'hords  for  a  1®  curve  for  varit>«« 
central  angles  The  student  should  familiarize  himself  with  ftie 
degree  of  approximation  involved  by  solving  a  large  number  of 
cases  under  various  conditions  by  the  exact  and  by  the  apprax?^ 
mate  methods,  in  order  that  he  msiy  know  when  the  approxi^- 
mate  nipthod  is  sufficien»tly  exact  for  the  intended  ]^p6se. 
The  $,ppFoximate  method  also  gives  a  ready  check  ett  th« 
exacf    method.  *      '■ 

A^lqser  value  may  be  obtained  by  using  the  ^^CtorrectiveTfetble" 
foui^d  at  the^  end  of  the  main  table.  The  correction  is  aPwa^§ 
ad(^tive  and  is  usually  very  smaU*  and  often  even  tob  insignMcant 
for*  attention.  A  glance  at  the  corrective  table  will  show  whifether 
a  iprrectioa  need  be  made  and  an  easily  computed- inffierpola^iljij 
wjU  show  its  amount.  For  example,  what  is  the  tsin^eiit'di»>' 
tance  for  a  6°  curve  having  a  central  angle  of  42*  1«5'?  '  feifelii 
polating  between  2209.0  and  2218.6,  we  have  2213*.^  sid  thb 
tangent  distance  for  a  1°  ciurve.  Dividing  by  &,  we  have  368i^ 
as  tiie  approximate  tatigent  distance.  Interpola^ng  in  the^  obivi 
rective  *.able*  we  have  ,14  as  the  correction  for  a  5**  curve  and  a 
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central  angle  of  42®  15',  and  .28  as  the  correction  for  a  10"  curve. 
Interpolating  for  6**  between  these  values  of  .14  and  .28,  we  have 
.17,  which  added  to  368.97  equals  369.14.  The  precise  value, 
computed  from  Eq.  4,  is  369.12.  If  the  approximate  value,  even 
after  correction,  is  not  considered  sufficiently  accurate,  ESq.  4 
should  be  used.  The  student  should  appreciate  that  the  dis- 
crepancy of  even  .02  in  the  above  calculation  is  not  due  to  any 
real  error  in  the  main  table  or  the  corrective  table,  but  is  due  to 
the  fact  that  the  tangent  distances  are  only  computed  to  the 
nearest  tenth  of  a  foot  for  values  over  1000  feet,  and  this  will 
produce  such  discrepancies.  The  table  should  not  be  uaed 
where  precise  values  are  required. 

54.  Exercises,  (a)  What  is  the  tangent  distance  of  a  4^  20^ 
curve  having  a  central  angle  of  18°  24'? 

(6)  Given  a  3°  30'  curve  and  a  central  angle  of  16°  20',  how 
far  will  the  curve  pass  from  the  vertex?    [ITse  Eq.  7  ] 

(c)  An  18°  curve  is  to  be  laid  off  using  2.5-foot  (nominal) 
chord  lengths.     What  is  the  true  length  of  the  subchordsT 

(d)  Given  two  tangents  making  a  central  angle  of  15®  24'. 
It  is  desired  to  connect  these  tangents  by  a  curve  which  shall 
pass  16.2  feet  from  their  intersection.  How  far  down  the 
tangent  will  the  curve  begin  and  what  will  be  its  radius?  (Use 
Eq.  8  and  then  use  Eq.  4  inverted.) 

55.  Curve  location  by  deflections.  The  angle  between  a 
^cant  and  a  tangent  (or  between  two  secants  intersecting  on  an 
arc)  is  measured  by  one  half  of  the  intercepted  arc.  Beginning 
at  the  PC  (A  in  Fig.  15),  if  the 
first  chord  is  to  be  a  full  chord 
we  may  deflect  an  angle  VAa  v 
(«s)D),  and  the  point  a,  which  is 
100  feet  from  A,  is  a  point  on  the 
curve.  For  the  next  station,  b, 
deflect  an  additional  angle  hAa 
(«>}D)  and,  with  one  end  of  the 
tape  at  a,  swing  the  other  end 
until  the  100-foot  point  is  on  the 
line  Ah,  The  point  b  in  then  on  a 
the  curve.  If  the  final  chord  cB 
is  a  subchord,  its  addUional  deflec-  '  ^*®-  "' 
Hon  (id)  is  something  lens  than  JD.    The  last  deflection  (BAV)  ii 
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of  course  ^J.  It  is  particularly  important,  when  a  curve  begins 
or  ends  with  a  subchord  and  the  deflections  are  odd  quantities, 
that  the  last  additional  deflection  should  be  carefully  com- 
puted and  added  to  the  previous  deflection,  to  check  the  mathe- 
matical work  by  the  agreement  of  this  last  computed  deflec- 
tion with  }J. 

Example,  Given  a  3°  24'  curve  having  a  central  angle  of 
18^22'  and  beginning  at  sta.  47+32,  to  compute  the  deflec- 
tions. The  nominal  length  of  curve  is  18°  22'  -5-  3**  24' « 18.367  -^ 
3.40=5.402  stations  or  540.2  feet.  The  curve  therefore  ends 
at  sta.  52  +  72.2.  The  deflection  for  sta.  48  is  iVo  X  i(3**  .24') 
-0.68X1^7  =  1M56  =  1°09'  nearly.  For  each  additional  100 
feet  it  is  1°  42'  additional.  The  flnal  additional  deflection  for 
the  final  subchord  of  72.2  feet  is 

-^Xi(3*»  24')  =1^.2274 -1°  14'  neariy. 

The  deflections  are 

P.  C  . . .  Sta.  47+32 0° 

48 0**       + 1°  09' « 1*»  09' 

49 1«09'  +  1«42'=2**51' 

50 2*»  51'+ 1°  42'=4°  33' 

51 4®  33'  + 1°  42' «  6°  15' 

52 6°  15'  +  1°  42' -7°  67' 

P.T 52+72.2 7°57'  +  l*»14'«9°ll' 

As  a  check  9°  ll'«i(18°22')«iJ.  (See  the  Form  of  Notes 
in  §21.)  ^ 

56.  Instrumental  work.  It  is  generally  impracticable  to 
locate  more  than  500  to  600  feet  of  a  curve  from  one  station. 
Obstructions  will  sometimes  require  that  the  transit  be  moved  up 
every  200  or  300  feet.  There  are  two  methods  of  setting  off 
the  angles  when  the  transit  has  been  moved  up  from  the  PC. 

(a)  The  transit  may  be  sighted  at  the  previous  transit  station 
with  a  reading  on  the  plates  equal  to  the  deflection  angle  from 
that  station  to  the  station  occupied,  but  with  the  angle  set  off  on 
the  other  side  of  0°,  so  that  when  the  telescope  is  turned  to  0**  it 
will  sight  along  the  tangent  at  the  station  occupied.  Plunging 
the  telescope,  the  forward  stations  may  be  set  off  by  deflecting 
the  proper  deflections  from  the  tangent  at  the  statioQ  occupied 
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Thia  is  at  ti^  g^ftion  tiifethod  abd,  whefo  the  degrfet^  i 
titfe*iS'ilil  ^ViKh  iiiimber  of  dfegtfees  arid  when  the  transi 
set  at  ^ir^k  fertatidris^  thep(<  is  but  little  6b jec^tioil  td  it. 
dtefereie  df  fclifvaitUre  i§  i^ldirieliitifej^  art  6dd  quantity,  and 
gfehcifels  6f  diflSfctJlt  location  fre^Uetttlytfequi^e  that  sul 
be  occupied  as  transit  stations.  Method  (a)  willihet 
the  retialctiliEitibh  of  all  deflefetiOris  fof  each  new  station  < 
'The  inathferiiatifeal  M^di-k  is  largely  increased  arid  the  pr^ 
of  fettof  is  very  greatly  Increased  arid  riot  sO  eai^ily  ( 
iMhod  (b)  ii  jiiSt  as  simple  a^  method  (d)  everi  foi-  t 
sittipte  ^«fees.  ahd  !i)r  tHe  ndoTe  dift(ililt  casfefe  juSt  refferH 
sil{)eiridHty   s  verjr  gi-e^at. 

(i)  Calfeiliate  the  defldctibn  fdr  eicH  stitibri  and  sti 
throughout  the  curve  as  though  the  wliolfe  cU[*v6  vf^tb 
«ated  from  the  PC.      The  computations 
may  thus   b^  completed  and  checked  (as 
abt)ve)  before  beginning  the  instrumental 
"ATork.     If  it  unexpectedly  becomes  neces- 
sary to    introduce    a  substation   at    any 
point,  its  dfeflection  from  the  PC  majr  be 
readily  ititfef^olatdd.    The  stations  actually 
set   froril^'the-  PC  arfe  Ibfcated    as   usual. 
Rule.      Wfefett  itie   ti-aasitJs  set  on  any 
forward  iiailon,  8a6k^ight  td  any  previous  I< 
station  wfth  >the^late^  set  at  the  deflection 
angle  for  thcl  station  sighted  at.     S'Kinge  J 
the.  telescope,  and  sight   at   any  forward 
Station  with  the  deflection  arigl^  origiriaii^ 
computed   for    that   station.      When  the 
plates  read  the,  d^flectiori  artgle   for  the 
Statibii  6ccu()ied,  the  tel^scbpe  is  sightin|ij 
Sldiig  tJib  tangent  at  that  station— tvhicH 
ti  the  rtxethdd  of  getting  the  fbrwara  tan- 
gerit  when  occ'upyirig  the  Pf.  Even  though 
the  station  occupied  is  an  iine^p(*ctcd  ^b- 
■fitation,  T^heri  the  instrument  is  property 
drietited  at  that  station,  the  angle  teadlhg 
ioT  dn^,  station,  forward  or  baek,  is  that  originally  cc 
for  it  from  the  PC.     In  dlfticult  work,  where  there 
4tructioris,  a  valuable  check  on  the  accuracy  riiay  be  fc 
il^htin^  badkWai-d  at  dri!/  Visible  station  and  ndting 


Fig.  16 


jonection  agrees  with  that  q'ri^nally  cb^ifUted.  AS  a 
icripal  illustration,  assume  a  4°  tiirve,  witn  ^Hf'  curyititft, 
I  stations  0,  2,  4,  atid  T  bociipied.  After  ^ttiii^  sfafltSife 
id  2,  set  lip  the  transit  at  sCa.  !£  and  backNiiht  td  StM.'6 
L  the  deflection  for  sta.  0,  wjilch  is  OK  The  readiiiif  tta'Sti'. 
2°;  when  the  reading  is  4°  the  telMebpe'ia  ISngeht  to 
curve,  and  when  sighliiig  at  3  and  i  the  denijctiotis  wiit  bfe 
nd  8°.  Occ-jKv  4;  sight  to  2  witK  a  readifig  bt  4*.  WfiSii 
reading  is  S°  the  telescope  is  tkngent  to  the  cilrve  aiiil,  h^ 
ging  the  telescope,  ■  6,  6,  and  7  niay  be  located  fiita  the 
.nally  computed  deSeclions  ot  10°,  12°,  aiid  J4°.  Wheii  06- 
(■ing  7  a  backsignt  may;  be  taken  to  aiiy  vlsitle  mat i<it»  witb 
plains  reading  the  deflectioa  for  that  station;   tUeii  wlien 


plates  read  14°  the  tcluscopc  will  point  along  the  forward 

le  location  of  curves  by  deflection  angles  is  the  iiorijial 
lod.  A  few  other  methods,  to  be  described,  sKoiiid  be  Min- 
«d  as  exceptional. 
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d 
The   nominal  length  of   a  subchord  =  100 — .    For  example, 

a  nominal  subchord  of  40  feet  will  subtend  an  angle  of  i^ftj-  <rf 
D^;  its  true  length  will  be  slightly  more  than  40  feet,  and  may 

be  computed  by  £q.  3.  The  difference 
between  the  nominal  and  true  lengths 
is  maximum  when  the  subchord  is 
about  57  feet  long,  but  with  the  Icm 
degrees  of  curvature  ordinarily  used 
the  difference  may  be  neglected.  With 
a  10°  curve  and  a  nominal  chord 
length  of  60  feet,  the  true  length  is 
60.049  feet.  Very  sharp  curves  should 
be  laid  off  with  50-foot  or  even  25-foot 
chords  (nominal  length).  In  such 
FiQ  13  cases   especially   the  true  lengths  of 

these  subchords  should  be  computed 
and  used  instead  of  the  nominal  lengths. 

For  example,  assume  that  a  12°  curve  begins  at  Sta.  26-f  30. 
The  first  subchord  will  be  nominally  70  feet  and  actually 
70.066  feet.  Assume  that  the  central  angle  between  thB 
tangents  is  39°  36'.  Then  the  nominal  length  of  curve  is 
39.6°  -^  12°  =  3.30  stations.  3.30  -  .70 = 2.60,  the  nominal  lengUi 
of  curve  beyond  the  first  station  point  on  the  curve.  The  final 
subchord  is  nominally  60  feet,  but  its  actual  length  is  60.070 
feet. 

The  values  of  these  subchords  for  even  degrees  between 
5°  and  30°,  and  for  nominal  chord  lengths  of  10,  20,  30, 
40,  45,  50,  55,  60,  65,  70,  75,  80,  85,  90  and  95  feet,  are  given 
in  Table  Ila.  The  excess  values  increase  approximately  as 
the  square  of  the  degree  of  curvature,  but  for  intervals  of 
1°  simple  interpolation  will  be  sufficiently  accurate  for  inter- 
mediate values. 

49.  Length  of  a  curve.  The  actual  mean  length  of  the  two 
i^ils  will  be  more  than  the  nominal  length  of  the  curve,  as  defined 
above,  and  even  more  than  the  sum  of  the  full  100-foot  lengths 
and  the  true  lengths  of  the  subchord  lengths  at  the  ends.  In 
the  above  numerical  case  the  mean  rail  length  is 

39.6*^  Xt—^  XR  =39.6"  X~  X478.34 =330.604, 

XqU  XoU 
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The  sum  of  the  two  full-chord  lengths  and  the  two  subchords  is 
70.066+200+60.070  =  330.136.  A  large  part  of  the  excess 
(330.604-330.136  =  .468)  is  the  excess  length  (.183)  of  each 
arc  of  a  12**  curve  over  the  100-foot  chord.  The  remainder  is 
the  excess  of  the  70-foot  and  60-foot  arcs  over  the  true  chord 
lengths.  But  this  excess  length  is  of  little  practical  importance. 
In  the  above  case  (a  12°  curve)  it  adds  about  0.2%  to  the  length 
of  rail  that  must  be  bought.  The  excess  varies  approximately 
as  the  square  of  the  degree  of  curvature.  The  percentage  of 
excess  for  the  entire  length  of  a  road  is  utterly  insignificant  and 
is  swallowed  up  by  the  2%  excess  which  is  usually  allowed  for 
wainiage  in  rail  cutting. 

50.  Curve  notation.  The  notation  adopted  by  the  Amer. 
Rwy.  Eng.  Assoc,  indicates  any  point  where  there  is  a  change  of 
alinement  by  two  letters,  the  first  of  which  denotes  the  ahnement 
on  the  side  toward  station  zero  and  the  second  that  away  from 
station  zero.  Thus,  the  beginning  of  a  curve,  or  the  change  from 
a  tangent  to  a  simple  curve,  is  noted  as  TC;  the  other  end  of  the 
curve,  or  the  change  from  a  simple  curve  to  a  tangent  is  noted  as 
CT.  But,  since  the  use  of  two  letters  to  indicate  a  point,  or  the 
use  of  four  letters  to  indicate  a  line  joining  the  two  points,  is 
cumbersome  in  the  algebraic  solutions  and  demonstrations  which 
follow  (demonstrations  which  the  A.  R.  E.  A.  do  not  give),  the 
author  has  decided  to  retain  the  old  notation,  rather  than  to  try 
to  conform  to  the  A.  R.  E.  A.  a^^tation.  The  A.  R.  E.  A.  sys- 
tem also  indicates  the  central  angle  of  a  curve,  or  the  angle 
between  the  two  tangents,  by  /.  In  the  first  edition  of  this 
work,  the  author,  following  Searles,  indicated  the  central  angle 
by  A.  To  make  even  this  change,  for  the  sake  of  conformity, 
would  require  a  change  in  all  the  mathematical  work  and 
figures  involving  curves  throughout  the  book.  In  Fig.  14 
both  notations  are  given,  the  A.  R.  E.  A.  notations  being 
given  in  parentheses.  Both  notations  are  also  shown  in 
Fig.  36,  which  illustrates  a  transition  curve  or  spiral.  It 
should  be  noted  that  some  of  the  notations  coincide  for  some 
of  the  elements. 

51.  Elements  of  a  curve.  Considering  the  line  as  running 
from  A  toward  B,  the  beginning  of  the  curve,  at  -4,  is  called 
the  paint  of  curve  (PC)»  The  other  end  of  the  curve j  at  B,  is 
called  the  point  of  tangency  (PT),  The  intersection  of  the 
tangents  is  called  the  vertex  (V),     The  angle  made  by  the 
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57.  Curve  location  by  two  transits.  A  curve  might  be  loct 
more  or  less  on  a  swamp  where  accurate  chaming  would 
exceedingly  difficult  if  not  impossible.  The  long  chord 
(Fig.  17)  may  be  determined  by  triangulation  or  otheri 
and  the  elements  of  the  curve  computed,  including  (poeai 
subchords  at  each  end.  The  deflection  from  A  and  B  to  < 
point  may  be  computed.  A  rodman  may  then  be  sent 
whatever  means)  to  locate  long  stakes  at  points  detenu 
by  the  simultaneous  sightings  of  the  two  transits. 

58.  Curve  location  by  tangential  offsets.  When  a  curv 
very  flat^d  no  transit  is  at  hand  the  following  method  ma^ 
used  (see  Fig.  18) ;  Produce  the  back  tangent  as  far  f orwar 
necessary.  Compute  the  ordihates  Oa%  Ob',  Oc',  etc.,  and 
abscissae  a' a,  6'6,  c'c,  etc.     If  Oa  is  a  full  station  (100  feet),  t 


Oa'^Oa'  1=100  cos  iZ>,  also =72  sin  Z); 

06' -=Oa'-{^a'b'  =  100  cos  JZ)  + 100  cos  ID, 

also =/2  sin  2Z>; 
Oc'-^Oa' +a'6'+6V  =  100(cos  JD  +  cos  |D  +  cos  ID), 

also =/2  sin  3Z>; 


"t 


etc. 


a'a=  100  sin  JD,    also = R  vers  D ; 

6'6=a'a+6"6  =100  sin  JD  -1-100  sin  |Z), 

also  =  /?  vers  2Z); 
c'c=^h'b  +  c''c  =100(sin  ii)  +  sin  fD+sin  |D), 

also=/J  vers3Z>; 


( 


etc. 

The  functions  }D,  |D,  etc.,  may  be  more  conveniently  u 
withotU  logarithms,  by  adding  the  several  natural  trigonometr: 
functions  and  pointing  off  two  decimal  places.  It  may  also 
noted  that  06'  (for  example)  is  one  half  of  the  long  chord 
four  stations;  also  that  6'6  is  the  middle  ordinate  for  f 
stations.  If  the  engineer  is  provided  with  tables  giving  the  L 
chords  and  middle  ordinates  for  various  degrees  of  curvati 
these  quantities  may  be  taken  (perhaps  by  interpolation)  fi 
such  tables. 

If  the  curve  begins  or  ends  at  a  substation,  the  angles  1 
terms  will  be  correspondingly  altered.    The  modifications  n 
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l>e  readily  deduced  on  the  same  principles  as  above,  and  shq^iild 
l>e  worked  out  as  an  exercise  by  the  student. 

In  Table  II  are  given  the  long  chords  for  a  1°  curve  for  various 
A^alues  of  A,  Dividing  the  value  as  given  by  the  degree  of  the 
curve,  we  have  an  approximate  value  which  is  amply  close  *for 
low  degrees  of  curvature,  especially  for  laying  out  curves  with- 
out a  transit.  For  example,  given  a  4°  30'  curve,  required  the 
ordinate  Oc\  This  is  evidently  one  half  of  a  chord  of  sue  stations, 
-with  Ar=2V,  Dividing  2675.1  (which  is  the  long  chord  of  a 
1°  curve  with  J  =27°)  by  4.5  we  have  594.47;  one  half  of  this  is 
the  required  ordinate,  Oc' =297.23.  The  exact  value  is  297.31, 
an  excess  of  .08,  or  less  than  .03  of  1%.  The  true  values 
are  always  slightly  in  excess  of  the  value  as  computed  from 
Tabl^II. 

Exercise.    A  3°  40'  curve  begins  at  sta.  18-f70  and  runs  to 
sta.  23  +  60.     Required  the  tangential  offsets  and  their  corre- 
sponding ordinates.     The  first  ordinate  =30  cos  i(TVaX3°  40') « 
30 X. 99995  =29.9985;    the  offset=30  sin   0°  33' =30 X. 0096- 
0.288.     For  the  second  full  station  (sta.  20)   the  ordinate  = 
i  long  chord  for  i=  2(1°  06' +  3°  40')  with  Z)«3°40'.     Divid- 
ing  476.12,  from  Table  II,  by  3§,  we  have  129.85.     Otherwise, 
by  Eq.  9,  the  ordinate  =  30  X  cos  0°  33' -f  100  cos  (1°  06' +  1°  50') 
= 30.00 + 99.87  =  1 29.87.    The  offset  for  sta.  20 = 30  sin  0**  33'  + 
100    sin    (1°  06' f  1°  50')  =  0.288 +  5.12  =  5.41.        Workout 
similarly   the   ordinates   and   offsets   for  sta.  21,  22,  23,  and 
23  +  60. 

59.  Curve  location  by  middle  ordinates.  Take  first  the  sim- 
pler case  when  the  curve  begins  at  an  even  station.  If  we  con- 
. aider  (in  Fig.  19)  the  curve  produced  back  to  z,  the  chord  za^ 
2 X 100  cos  ID,  A'a  =  100  cos  JD,  and  A'A  ^am  =zn  =  100  shi  iD. 
Set  off  A  A'  perpendicular  to  the  tangent  and  A'a  parallel  to 
the  tangent.  AA' =aa' =66' =cc',  etc.  =  100  sin  JD.  Set  off 
aa'  perpendicular  to  a' A.  Produce  Aa'  until  a'6«A'a,  thus 
determining  h.  Succeeding  points  of  the  curve  may  thus  be 
determined  indefinitely. 

Suppose   the    curve   begins    with   a   subchord.    As   before 
ra^Am'—c' cos  id%  and  rA  =am'=c' sin  Jd'.    Also  8z=An'^ 

c"cosK',  and  sA=2yf'=c"  sin  K',  in  which  (d'+(i")=D. 
The  points  z  and  a  being  determined  on  the  ground,  aa'  may 
be  computed  and  set  off  as  before  and  the  curve  continued  in 
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lull  stations.    A  subchord  at  the  end  of  the  cutvb  may  be 
located  by  a  similar  process. 

60.  Curve  location  by  offsets  from  the  long  chord.  (Fig  ^.) 
Consider  at  once  the  general  case  in  ^Iiich  the  curve  commeam 
with  a  subchord  (curvature,  d'),  continues  with  one  or  more  M 


•  \ 


Fkl  19. 


FiQ.  20. 


FiQ.  21. 


chords  (curvature  of  eac>,  Z)),  and  ends  with  a  subchord  wiA 
curvature  d".  The  numerical  work  consists  in  computinjg  fM 
ABj  then  the  various  abscissae  and  ordinates.     AB^2Iiehi\£, 


^V-Aa'+a'6'  -c' cos  K^-<^')  +  100co8  i(i-2d'-/»; 

+  100cos}(i-2d*-i>): 
also 

^AB-Bd  -i2»  sin  ii -c*  cos  \{A  -d"). 

a'a— li'o         — </  sin  \iJ  —  d')', 

6'6-a'a+m6-c' sin  Ki-d')  +  100  sin  K^-2d'-2)); 

r'c -6'6-n6-c' sin  M-' -<*')+ 100  sin  i( J- 2d' -Z)) 

-100sinKi-2d'-2)); 
al90  —c'sin  i(4-c^*). 


(U> 


llie  above  formulae  are  considerably  simplified  when  till' 


I. 


AttNSUKNti. 


€8 


re  begins  and  ends  at  even  Btatiobs.  When  the  dttir^  ti 
T  long  a  regular  law  becomes  very  appaient  in  the  fofttUitioii 
U  terms  bet^cea  the  first  and  last.  There  are  too  few  tertttt 
ae  above  equations  tb  show  the  laWi  •  i     ■  ^  ■ 

t.  Use  and  valufe  of  the  above  misthbds.  The^hi^vahii 
he  above  methods  lies  in  the  possibility  of  doit)g.  the  WOfk: 
lout  a  transits  The  same  principles,  are  sometimM^eih^ 
'ed,  even  when  a  tradsit  is  used,  when  obstacles  prev^bt^the 
of  the  normal  meUiiod  (see  §62»  c),  .If  thb termiiud'4»iir< 
is  have  already  been  accurately  determined,  these  methbdji 
useful  to  locate  points  of  the  curve  when  rigid  accuracy  is 
essential.  Track  foremeii  frequently  Use  such  methodii  to 
out  unimportant  sidings,  especially  When  the  engineer  ahd 
Tansit  are  not  at  hand.  Location  by  tangential  offsets  (or 
jffsets  from  the  long  chord)  is  to  be  preferred  when  the 
e  is  flat  (i.e.,  has  a  small  central  angle  A)  and  there  is  no 
ruction  along  the  tangent,  or  long  chord.  Location  by 
ile  ordinates  may  be  employed  regardless  of  the  length  of 
curve,  and  in  cases  when  both  the  tangents  and  the  long 
d  are  obstructed.  The  above  methods  are  biifc  skinples 
large  number  of  similar  methods  which  have  been  devised, 
choice  of  the  particular  method  to  be  adopted  must  be 
rmined  by  the  local  conditions. 

{.  Obstacles  to  location.     In  this  section  will  be  given  only 

a  few  of  the  prinl*iples  involved  in  this, 
class  of  problems,  with  illustrations.  The 
engineer .mu3t  decide,  in  ebch. case,  which 
is  the  best  method  td  use.  It  ii»  frequently 
advisable  to  devise  a  special  solution  for 
some  particular  case. 

a.  Wnen  j&e  vertex  is  inaccessible.  As 
shown  in  §  56,  it  is  not  absolutely  essential 
that  the  vertex  of  a  curve  should  be 
located  on  the  ground.  But  it  is  very  evi- 
dent that  the  angle  bet>\een  the  termijial 
tangents  •  is  determined  with  far  less  prob- 
able error  if  it  is  measured  by  a  single 
measurement  at  the  vertex  rather'  tnan  as 
^  the  result  of  numerous  angle  measurements 

Fio.  22.  along   the   difte,   iiivolving    several    posi- 

9  of  the  transit  and    comparatively  short  sights     Some- 
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(B. 
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times  the  location  of  the  tangents  is  ah*eady  determined  on 
the  ground  (as  by  hn  and  anij  Fig.  22),  and  it  is  requixed  to 
join,  the  tangents  by  a  curve  of  given  radius.  Method,  Meamt 
ab  and  the  angles  Vba  and  baV.  A  is  the  sum  of  these  aag^ 
The  distances  hV  and  aV  are  computable  from  the  above  dirta. 
Given  4  and  R,  the  tangent  distances  are  computable,  and  tiieii  ll 
Bh  and  a  A  are  found  by  subtracting  hV  and  aV  from  the  ii^ 
gent^ distances.  The  curve  may  then  be  run  from  A,  and  ti^ 
work  may  be  checked  by  noting  whether  the  curve  as  run  ^Ids 
at  21*— previously  located  from  6.  ; 

Example.      Assume    a&»546  82;     angle  a » 15^  18';     ai^ 
h  - 1«^  22' ;  D  -  3°  40' ;  required  a  A  and  hB, 

J  - 15^  18' + 18**  22'  «««33**  40'  1 

Eq.(4)  JB      (3°400 SA9kA 

taniJ=tanl6**50' 9.480jjb 

*  T=472.85 2.6741^ 


■r' 


r    ^  wn  18**  22'        ab 2.737M 

"  *^  "^  Bin  33^  40'        log  sin  18*»  22' 9 .  4^ 

co-log  sin  33**  40' 0.25Git 

aF=310.81 2.49^ 

A7=472.85  '' 

aA«162.04  *^i- 

••1 

hV     .^  sin  15**  18'        ah,..., 2.73'" 

""      sin  33**  40'        log  sin  15^  18' 9.42: 


co-log  sin  33**  40' 0 .  25Mi 


67=260.29 2.41II4I 

J57«472.85 


&£»212.56 


V  t 


1 


b.  When  the  point  of  curve  (or  point  of  tangency)  is  inncciiii 
•ible.  At  some  distance  (ASf  Fig.  23)  an  unobstructed  line  JM 
may  be  run  parallel  with  AV,    nv^py^^As^R  vers  a. 

•.  versa^As-i-R, 


§63. 


ALINEMENT. 


71 


At  y,  which  is  at  a  distance  pa  back  from  the  computed  posi- 
tion of  Af  make  an  offset  sA 
to  p.  Run  pn  parallel'  to  the 
tangent  A  tangent  to  the 
curv^e  at  n  makes  an  angle  of  a 
with  np.  From  n  the  curve  is 
run  in  as  usual 

If  the  point  of  tangency  is 
obstructed,  a  similar  process, 
somewhat  reversed,  may  be 
used,  p  is  that  portion  t)f  J  still 
to  be  laid  off  when  m  is  reached. 
fm=/Z=-B  sin ^.  mz^tB^lx^R 
vers  ^. 

c.  When  the  central  part  of 

the  curve  is  obstructed,    a  is  the 

central  angle  between  two  points 

of    the    curve    between    which 

a  may  equal  any  angle,  but  it  is  prefer* 


.^i- J 


/ 


I 

/ 

r 


y 


FiQ.   23. 


a  chord  may  be  nm. 
able  that  a  should  be  a  multiple 
of  Dj  the  degree  of  curve,  and  that 
the  points  m  and  n  should  be  on 
even  stations.  inn^2R  sin  ^a.  A 
point  s  may  be  located  by  an  offset 
ks  from  the  chord  mn  by  a  similar 
method  to  that  outlined  hi  §  60. 

The  device  of  introducing  the 
dotted  curve  mn  having  the  same 
radius  of  curvature  as  the  other, 
although  neither  necessary  nor 
advisable  in  the  case  shown  in 
Fig.  24,  is  sometimes  the  best 
method  of  surveying  around  an 
obstacle.  The  offset  from  any  point  on  the  dotted  curve  to 
the  corresponding  point  on  the  true  curve  is  twice  the  "  ordinate 
to  the  long  cord/'  as  computed  in  §  60. 

63.  Modifications  of  location.  The  following  methodis  may 
be  used  in  allowing  for  the  discrepancies  between  the  "  paper 
location  "  based  on  a  more  or  less  rough  preUminary  survey  and 
the  more  accurate  instrumental  location,    (See  $  18.)    They  are 
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%lsp  frequently  \\eed  in  locating  new  parallel  traqks  a,vA  Pf^tiijff* 
\i\g  pjd  trapjcs. 

fi.  Jo  f^oye  tl|^  forward  tangent  parallel  to  itself  a  distaafif  «! 
1^  pPfnt  pf  ci^rye  (a)  regaining  fixed.     (Fig.  25,) 


W 


V'h 


sinhVV^     sin  J* 


•     • 


.  im 


AV'=AV-{^VV\ 
The  triangle  BmB'  is  isosceles  and  Bm=B'm, 


R'-^R^O'Q^'^B  = 


B'r 


r 


vers  B'mB     vers  4' 


.'.  R'=R  + 


^»    •     •    • 
vers  J 


.     (14) 


The  solution  is  very  similar  in  case  the  tangent  is  moved  Ift- 
ward  to  V^^B'\    Note  that  this  method  necessarily  chan^eg  Die 


•  ■    .   .  r 


Fia.  25. 


Fia.  26. 


r-l 


radiv^.     If  the  radius  is  not  to  be  changed,  the  point  of  oiinpf 
inust  be  altered  as  follows: 

'    b.  Xamove.tfte  foopward  tangent  parallel  to  itseU  a  disteocQ  «^ 
the  radius  being  unchanged.     (Fig.  26.)     In  this  aaio  the  whole 
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curve  is  moved  bodily  a  (Jistancp  QO'^AA'^YY'''^^',  »^^ 
moved  parallel  to  the  first  tangent  A  V 


BB' 


AA'. 


(15) 


sin  nBB'    sin  J 

c.  To  change  the  direction  of  the  forward  tange|it  at  the  point 
of  tangency.     (Fig.  270    T^Js  problem  invdves  a  ch^qge  (a)  in 

the  central  angle  and  also  requires  a 
new  radius,  .^n  ^tjot  iji  the  deter- 
mination of  the  C6i}tral  angle  fur- 
nishes an  occasion"  for  its  use. 

R,  J,  a,  A  V,  and  BV  are  known. 


a. 


Bs^R  vers  J,      Bs=R'  vers  J\ 

vers  J 


R'^R- 


Fio.  27. 


vers  (-4— a)* 
As=R  sin  J,    A's^Rf  sin  J*. 


(16^ 


.-.  AA'^^A'a-As^R'^ind'-^RsinA. 


(17) 


The  above  solutions  are  given  to  Oludtrate  a  large  class  of 
problems  which  are  constantly  arising.  All  of  the  ordinary 
problems  can  be  solved  by  the  application  of  elementary  geome- 
try and  trigonometry. 

64.  Limitations  in  location.  It  maybe  required  to  run  a 
curve  that  shall  join  two  given  tangents  and  also  paste  through  k 
^iven  point      The  point  (P,  Fig.  • 

28)  is  assumed  to  be  deter- 
mined by  its  distance  {VP) 
from  the  vertex  and  by  the 
anglei4:FP«^. 

It  is  required  to  determine 
the  radius  {R)  and  the  tangent 
distance  {AV),     J  is  knowii. 

-90«-(Ji+.5). 
PP'^2VP  sin  PVG 

=2FPcos(iJ+i9). 
PSV^hJ. 


SP^VP, 


siny? 


Fia.  28. 
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AS^\/SPxSP'=VSPiSP+PP') 

lvP^rVP^+2VP  cos  (ii+ftl 
\       sm }  J  L      sin  iJ  *^  J 


VP       sin'/     2siny?cos(iJ+/g) 

'^^^y^nTiJ'^      sinii      • 

sm  iJ 
AV'^AS+SV 

•=  ^,[sin(}i  +i?)  +  Vsin'^ + 2sin/?sini Jcos(i J  +P)l  (Ifi) 

JB«=AFcot}J. 

In  the  special  case  in  which  P  is  on  the  median  line  OVg 
P^gO'^-iJ,  and  (iJ+^)=90°.    Eq.  18  then  reduces  to 

ilF=-;^.(l +COS  }i)  =7P  cot  iJ, 

sin  iJ  *  '  f 


as  might  have  been  immediately  derived  from  Eq.  8. 

In  case  the  point  P  is  given  by  the  offset  PK  and  by  tiif 
distance  VK^  the  triangle  PKV  may  be  readily  solved,  giving  fjiMb 
distance  VP  and  the  angle  fi,  and  the  remainder  of  the  soluliqii 
will  be  as  above. 

65.  Determination  of  the  curvature  of  existing  track,  (a)  U9m§ 
a  transit.  Set  up  the  transit  at  any  point  in  the  center  of  tlii 
track.  Measure  in  each  direction  100  feet  to  points  also  in  tibf 
center  of  the  track.  Sight  on  one  point  with  the  plates  at  0?» 
Plunge  the  telescope  and  sight  at  the  other  point.  The  aqgk 
between  the  chords  equals  the  degree  of  curvature.  ^\\ 

(b)  Using  a  tape  and  string.  Stretch  a  string  (say  50  1^ 
long)  between  two  points  on  the  inside  of  the  head  of  the  outer 
rail.  Measure  the  ordinate  {x)  between  the  middle  of  the  string 
and  the  head  of  the  rail.    Then 

'R-'—g^  (very  nearly) (10) 

For,  in  Fig.  29,  since  the  triangles  AOE  and  ADC  are  similar. 
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AO  :AE  ::AD  :DC    or    R=iAD^-T-x.    When,    as    is    umiaf, 

the  arc  is  very  short  compared  with    the 
radius,    AZ)a=Ji4B,    very    nearly.      Making 
this  substitution  we  have  Eq.  1^.     With  a 
chord  of  50  feet  and  a  10°  curve,  the  result- 
ing difference  in  x  is  .0025  of  an  inch — far 
within    the    possible    accuracy    of    such    a 
method.     The     above     method     gives    the 
radius  of  the  inner  head  of  the  outer  rail. 
It  should  be  diminished  by  ig  for  the  radius 
of  the  center  of  the  track.     With  easy  curvature,  however,  this 
will  not  affect  the  result  by  more  than  one  or  two  tenths  of  one 
per  cent. 

The  inversion  of  this  formula  gives  the  required  middle  or- 
dinate for  a  rail  on  a  given  curve.  For  example,  the  middle 
ordinate  of  a  30-foot  rail,  bent  for  a  6°  curve,  is 

x  =  900 -^  (8  X  955)  = .  1 18  f oot  =  1 .4  inches. 

Another  much  used  rule  is  to  require  the  foreman  to  have  a 
string,  knotted  at  the  center,  of  such  length  that  the  middle 
ordinate,  measured  in  inches,  equals  the  degree  of  curve.  To 
find  that  length,  substitute  (in  Eq.  19)  5730 -hD  for  R  and 
D-7-12  for  X,  Solving  for  chord,  we  obtain  c^ord  =  61.8  feet. 
The  rule  is  not  theoretically  exact,  but,  considering  the  uncertain 
stretching  of  the  string,  the  error  is  insignificant.  In  fact,  the 
distance  usually  given  is  62  feet,  which  is  close  enough  for  all 
purposes  for  which  such  a  method  should  be  used. 

66.  Problems.  A  systematic  method  of  setting  down  the 
solution  of  a  problem  simplifies  the  work.  Logarithms  should 
always  be  used,  and  all  the  work  should  be  so  set  down  that  a 
revision  of  the  work  to  find  a  supposed  error  may  be  readily 
done.  The  value  of  such  systematic  work  will  become  more 
apparent  as  the  problems  become  more  complicated.  The  two 
solutions  given  below  will  illustrate  such  work. 

a.  Given  a  3°  curve  beginning  at  Sta.  27  +  60  and  running 
to  Sta.  32+45.  Compute  the  ordinates  and  offsets  used  in 
locating  the  curve  by  tangential  offsets. 

6.  With  the  same  data  as  above,  compute  the  distances  to 
locate  the  curve  by  offsets  from  the  long  chord. 

c,  Assun?^  that  in  J^*^   ^  ^^  ^^  measured  as  217.6  feet^  th# 
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Angle  aftF-17**42',   and   the   angle   6a7-il°14'.    Jdfri   tKe 
tangents  by  a  4°  30'  curve.     Determine  bB  and  aA, 

d.  Assume  that  in  a  case  similar  to  Fig.  23  it  ^ai«  iirited 
that  a  distance  (As:)  equal  to  12  feet  would  clear  the  building. 
Assume  that  J  =38°  20'  and  that  D=«4°40'.  Required  the 
value  of  a  and  the  position  of  n.    Solution: 

versa=As-f-i2  As  =  12  log»l. 07918 

R  (for  4°  40'  curve)  log  =3.08flM 

a=F8°01'  log  vers  <t :»T.989M 

n«=/2sina  log  sin  A— 9.14441 

log/J«3^08M» 
n.s  =  171.27  log=;=2.SJ338i 

e.  Assume  that  the  for^vard  tahgent  of  a  3*^  20'  curve  having 
a  central  angle  of  16°  50'  must  be  moved  3.62  feet  intvard,  with- 
out altering  the  P.C.     Required  the  change  in  radius. 

/.  Given  two  tangents  making  an  angle  of  36°  18'.  It  is 
required  to  pass  a  curve  through  a  point  93.2  feet  from  the 
vertex,  the  h'ne  from  the  vertex  to  the  point  making  an  angle 
of  4^  ^21'  with  the  tangent.  Required  the  radius  and  tangent 
distance.      Solution:  Applying  Eq.   IS,  we  have 

2  log=  0.30103 

^=42°  21'  log  sin-  9.82844 

iJ  =  18°09'  logsin=  9.49346 

(JJ  -1-^)  =60°  30'  log  cos-  9.W2M 

.20667  9.3152? 

logsln«/?-9.6568S....   j45382 
2[9. 81987.... ".66049 

9. 90993.... '".81271 
nat.  sin  60°  30' 870ii 


II  m 


1.6S30 log=  0.22610 

rP=93.2 log-   1.96041 

2. 19551 

log  sin  iJ  -9.49346 

Tang,  dist.  .4r=503.36 Jog-  2.70295 

log  cot  i J -10.48137 

72  =  1536.1 log-  3.18843 

Z)=3°44' 
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COMPOUND   CURVES. 

67.  Nature  and  use.  Compound  curves  are  formed  by  a 
succession  of  two  or  more  simple  curves  of  different  curvature. 
Tho  curves  must  have  a  common  tangent  at  the  point  of  com- 
pound curvature  (P.C.C).  In  mountainous  regions  there  is 
frequently  a  necessity  for  compound  curves  having  several 
changes  of  curvature.  Such  curves  may  be  located  separately 
as  a  succession  of  simple  curves,  but  a  combination  of  two 
simple  curves  has  special  properties  which  are  worth  investigat- 
ing and  utilising.  In  the  following  demonstrations  /^  always 
represcaits  the  longer  radius  and  /?,  the  shorter,  no  matter  which 
succeeds  the  other.  T^  is  the  tangent  adjacent  to  the  curve  erf 
shorter  radius  (R\f,  and  is  invariably  the  shorter  tangent,  i^  is 
the  central  angle  of  the  curve  of  radius  R^,  but  it  may  be  greater 
or  less  than  Jj 

68.  Mutual  relations  of  the  parts  of  a  compound  curve  having 
two  branches.     In  Fig.  30,  AC  and  CB  are  the  two  branches  of 
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the  compound  curve  having  radii  of  R^  and  R2  and  central  angles 
of  Ji  and  ij.  Produce  the  arc  y4C  to  n  so  that  .40,n  =  i.  The 
chord  CH-  produced  must  intersect  B.  The  line  ns,  parallel  to 
CO^,  will  intersect  J50,  so  that  Bs=8n=-0.fi^^  =  U2—Hv  Draw 
Am  perpendicular  to  O^a.     It  will  be  parallel  to  hk. 
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Br=sn  vers  Bsn       =  (/?2  ~ ^i)  vers  J^ ; 
mn=AOi  veis  AOiU  =72i  vers  J; 
Ak=AVs\nAVk      ^T.HinJ; 
Ak=hm=mn-^nh=mh+Br. 
.'.  Ti  sin  J  =i?i  vers  J  +  (i?2— ^i)  vers  J,.      .     . 
Similarly  it  may  be  shown  that 

Ti  sin  J  =i?3  vers  J  -(^2—^1)  vers  J^.       .     . 

The  mutual  relations  of  the  elements  of  compound  curves 
may  be  solved  by  these  two  equations.  For  example,  ttmnntm 
the  tangents  as  fixed  (.4  therefore  known)  and  that  a  curve  of 
given  radius  Ri  shall  start  from  a  given  point  at  a  distance  Ti 
from  the  vertex,  and  that  the  curve  shall  continue  through  a 
given  angle  Jj.  Required  the  other  parts  of  the  curve.  'Fnm. 
Eq.  20  we  have 

r,      r>       Ti  sin  J  —  /?,  vers  J 

K^—tCi— ; . 

vers  Jj 

*  vers(J  — Ji)  ^    ' 

T2  may  then  be  obtained  from  Eq.  21. 

As  another  problem,  given  the  location  of  the  two  tangents, 
with  the  two  tangent  distances  (thereby  locating  the  PC  and 
PT),  and  the  central  angle  of  each  curve;  required  the  two 
radii.     Solving  Eq.  20  for  JRi,  we  have 

„      T^  sin  J  —  R2  vers  J 2 

Ki  = 7 -: — . 

vers  J  —  vers  Jj 

Similarly  from  Eq.  21  we  may  derive 

T2  sin  J  —  7?2(vers  J  —vers  J,)  I 

/ti= -. -, 

vers  Ji 

Equating  these,  reducing,  and  solving  for  7^,  we  have 

T\  sin  _J^ vers  J,  —  T'j  sin  J  (vers  J  —  vers  J2)  ^^^. 

'~  vers  J 2  vers  Jj  — (vers  J— vers  Ji)(vers  J  — vers  J,)  '    ^     ' 

Altho\igh  the  various  elements  may  be  chosen  as  above  with 

considerable  freedom,  there  are  limitations.     For  example,  in 

Eq.  22,  since  72,  is  always  greater  than  7?,,  the  term  to  be 

added  to  Ri  must  be  essentially  positive — i.e.,  Ti  sin  J  must  be 

vers  ^  f 

greater  than  R^  vers  J.    This  means  that  Ti>Ri— — -j-,  or  that 
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Ti  >  Ri  tan  J  J,  or  that  Ti  is  greater  than  the  corresponding 
tangent  on  a  simple  curve.  Similarly  it  may  be  shown  that  T^ 
is  less  than  R2  tan  J  J  or  less  than  the  corresponding  tangent 
on  a  simple  curve.  Nevertheless  7",  is  always  greater  than  T^, 
In  the  limiting  case  when  R2  =  Ri,  7^2  =  Tj,  and  Jj  —  ^t' 

69.  Modifications  of  location.  Some  of  these  modifications 
may  be  solved  by  the  methods  used  for  simple  curves.  For 
example  r 

a.  It  is  desired  to  move  the  tangent  VB,  Fig.  31,  parallel  to 
itself  to  V'B\  Run  a  new  curve  from  the  P.C.C.  which  shall 
leach  the  new  tangent  at  B',  where  the  chord  of  the  old  curve 


Fig.  31. 
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intersects  the  new  tangent.    The  solution  is  almost  identical 
with  that  in  §  63,  a. 

b.  Assume  that  it  is  desired  to  change  the  forward  tangent 
(a^  above)  but  to  retain  the  same  radius.    In  Fig.  32 

(Rj—Ri)  cos  J2   =^2^  J 
(Ri-Ri)  cos  Ji'  =02 V. 

X = OiU — O^n'     —{RtT Ri) (cos  J 2  —  cos  ^2') • 


cos  J2'=cos  J 2 


X 


P      P (24) 

1x2  —  i\-\ 

The  P.CC,  is  moved  backward  along  the  sharper  curve  an 
angular  distance  of  A2—^2  =  ^\  —  ^\' 

In  case  the  tangent  is  moved  inward  rather  than  outward, 
the  solution  will  apply  by  transposing  A2  and  J,'.  Then  we 
•hall  have 

X 

cos  ii2'=cos  J2+ D — D (25) 
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The  P.C'C^  i$  then  mov^  forward. 

c.  Assume  the  same  ease  m  <b)  except  that  the  llMH^  *M^ 
corner  first  and  that  the  tangent  adjacent  to  the  amattQ?  t«^ 
i9  moved.    In  Fig,  33 

{R^—Hd  cos  i^  ^Q{n,\ 
(R2-R1)  cos  Jx'^^O/nf. 


cos  i/=eos  Ji  + 


R2 — Ri 


(26) 


The  P.C.C.  is  moved  forward 
along  the  easier  curve  an  angular 
distance  of  A^  —  Ay^=^A2  —  A^ . 

In  case  the  tangent  is  moved  inward,  transpose  as  before  and 
we  have 


Fig.  33. 


cos  J/=cos  J^  — 


X 


xm 


R2-RI  '  •  '  * 

The  P.C.C.  is  moved  bachvard 

d.  Assume  that  the  radius  of  one  curve  is  to  be  altered  wMh 

out  changing  either  tangent.     Assume  conditions  as  in  Finc-^JM. 

For  the  diagrammatic  solution 
assume  that  Ri  is  to  be  incmin94 
by  O2S.  Then,  since  i?^'  ^Tf(^ 
pass  through  0^  and  e.\toi|d  (je- 
yond  Oi  a  distance  0^,  tte 
locus  of  the  new  center  must  lie 
on  the  arc  drawn  about  0|  as 
center  and  with  QiS  as  radius. 
The  locus  of  Oj'  is  also  given 
by  a  line  Oj'p  parallel  to  BY 
and  at  a  distance  of  7?^'  (equal 
to  S ..  .  P.C.C.)  from  it.  /'Tlis 
new  center  is  therefore  at 
intersection  Oj'.  An  arc  wittf 
dius  7?2'  ^^'ill  therefore  be  it 
at  B'  and  tangent   to  the 

ourve  produced  at  new  P.C»C,  Draw  O^n'  perpendicular  to  OJS» 
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With  0)  as  center  draw  the  arc  Oiitif  and  with  O,'  as  center  draw 
the  arc  0,in'.    m5«s=m'/?'*=7?i. 

.'.  mn  =  m'n'  =  {11^  —  Ri)  vers  Jj'  =  (^2  ~  ■'^i)  vers  J 2' 

.-.  versJ,'  =  ^^^^5  versi, (28) 

Ojn  =  (7?2 — Ri)  sin  J, ; 
Oin'-(/?2'-/?i)sin  J/. 
BB'=OX-0,n-(/?/-i?,)  sin  J,'-(R^-R^)  sin  J^.       (29; 

This  problem  may  be  further  modified  by  assuming  that  the 
radius  of  the  curve  is  decreased  rather  than  increased,  or  that 
the  smaller  radius  follows  the  larger.  The  solution  is  similar 
and  is  suggested  as  a  profitable  exercise. 

It  might  also  be  assumed  {hat,  instead  of  making  a  given 
change  in  the  radius  R^,  a  given  change  BB'  is  to  be  made.  Jj' 
and  i?,'  are  required.  Eliminate  TJj'  from  Eqs.  28  and  29 
and  solve  the  resulting  equation  for  Jj'-  Then  determine  7?,' 
by  a  suitable  inversion  of  either  Eq.  28  or  2D. 

As  in  §§  62  and  63,  the  above  problems  are  but  a  few,  although 
perhaps  the  most  common,  of  the  problems  the  engineer  may 
meet  with  in  compound  curves.  All  of  the  ordinary  problems 
may  be  solved  by  these  and  similar  methods. 

70.  Problems,  a.  Assume  that  the  two  tangents  of  a  com- 
pound curve  are  to  be  348  feet  and  624  feet,  and  that  J^  =22?  16' 
and  J,  =28**  20'.     Required  the  radii. 

[.4 715.  /?!=  326.92;  /?2  =  1574.85.] 

h.  A  line  crosses  a  valley  by  a  compound  curve  which  is  first 
a  6**  curve  for  46**  SfV  and  then  a  9®  SO"  curve  for  84°  16'.  It  is 
afterward  decided  that  the  last  tangent  should  be  0  feet  farther 
up  the  hill.  What  are  the  required  changes?  [Note.  The 
second  tangent  is  evidently  moved  outward.  The  solution  cor- 
responds to  that  in  the  first  part  of  §  69,  c.  The  P.C.C,  is 
moved  forward  16.39  feet.  If  it  is  desired  to  know  how  far  the 
P,T.  is  moved  in  the  direction  of  the  tangent  (i.e.,  the  projection 
of  BB*,  Fig.  33,  on  V'B'),  it  may  be  found  by  observing  that  it 
is  equal  to  «n'=»(i?2"-^i)(sin  J^  —sin  J/).  In  this  case  it  equals 
0.$5  foot,  which  is  very  small  because  Jj  is  nearly  90°.  The 
value  of  4t  (46°  30')  is  not  used,  since  the  solution  is  independent 
of  the  Vf^ue  of  J^,      The  student  should  learn  to  recognize 
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which  quantities  are  mutually  related  and  therefore  easontial 
to  a  solution^  and  which  are  independent  and  non-cssential.J 


TRANSITION    CURVES. 

71.  Superelevation  of  the  outer  rail  on  curves.  When  a  mam 
is  moved  in  a  circular  path  it  requires  a  centripetal  force  to  keep 
it  inovinfic  in  that  path.  By  the  principles  of  mechanics  we 
know  that  tliis  force  equals  Gv^-^gR,  in  which  G  is  the  weight, 
V  the  velocity  in  feet  per  second,  g  the  acceleration  of  gravity  in 
feet  per  second  in  a  second,  and  R  the  radius  of  curvature. 
If  the  two  rails  of  a  curved  track  were  laid  on  a  level  (trans- 
versely), this  centripetal  force  could  only  be  furnished  by  the 
pressure  of  the  wheel-flanges  against  the  rails.  As  this  is  very 
objectionable,  the  outer  rail  is  elevated  so  that  the  reaction  of 
the  rails  against  the  wheels  shall 
contain  a  horizontal  component 
equal  to  the  required  centripetal 
force.  In  Fig.  35,  if  oh  represents 
the  reaction,  oc  will  represent  the 
weight  Gj  and  ao  will  represent  the 
required  .  centripetal  force.  From 
similar  triangles  we  may  write 
sn  :  sm  ::  ao  :  oc.  Call  g  =  32.17. 
Call  /e =5730-^2),  Avhich  is  suffi- 
ciently accurate  for  this  purpose  (see 
§  46).  Call  V  =5280r--3600,  in  which  V  is  the  velocity  in  milM 
per  hour,  mn  is  the  distance  between  rail  centers,  which,  for 
an  80-lb.  rail  and  standard  gauge,  is  4.916  feet  sm  is  slightly 
less  than  this.  As  an  average  value  we  may  call  it  4.900,  which 
is  its  exact  value  when  the  superelevation  is  4}  inches.  CalUng 
8n=e,  measured  in  feet,  we  have 


-T^ 


Fig.  35. 


ao 

e=sm — 

oc 


•4.99^' ' 


4.9X5280*F»Z) 


gR  G    32.17X3600*X5730* 
.00005721^*1) (3<Q 


It  should  be  noticed  that,  according  to  this  formula,  the 
quired  superelevation  varies  as  the  square  of  the  velocity,  whkk 
means  that  a  change  of  velocity  of  only  10%  would  call  for  a 
change  of  superelevation  of  21%.  Since  the  velocities  of  traini 
over  any  road  are  extremely  variable,  it  is  impossible  to  adopt 
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any  euperelevation  which  will  fit  all  velocitica  even  approx- 
imately. The  ^30ve  fact  also  shows  why  any  over-tefiaement 
in  the  calculations  is  useless  and  why  the  above  approximations, 
which  are  really  small,  are  amply  juatifiable.  For  example,  the 
above  formula  contains  the  approximation  that  R^dTZQ-i-D, 
In  the  extreme  case  of  a  10°  curve  the  error  involved  would  be 
about  1%.  A  change  of  about-i  of  1%  in  the  velocity,  or  say 
from  40  to  40.2  miles  per  hour,  would  mean  as  much.  The  error 
in  e  due  to  the  assumed  constant  value  of  sm  is  never  mora  than 
a  very  small  fraction  of  1%.  The  rail-laying  is  not  done  closer 
than  thb.    Table  XIX  is  baaed  on  £q.  (30) : 


/ 

73.  Practical  rules  for  superelevation.  A  much  uaed  rule  for 
superelevation  is  to  "elevate  one  half  an  inehfor  each  degree  of 
curvature."  The  rule  is  rational  in  that  t  in  Eq.  30  varies 
directly  as  D.  The  above  rule  therefore  agrees  with  Eq.  30 
when  V  is  about  27  miles  per  hour.  However  applicable  the 
rule  may  have  been  in  the  days  of  low  velocities,  the  elevation 
■  thus  computed  is  too  small  now.  The  rule  to  elevate  one  inch 
for  each  degree  of  curvature  is  also  used  and  is  precisely  similar 
in  its  nature  to  the  above  rule.  It  agrees  with  Eq.  30  when 
the  velcwity  is  about  3S  miles  per  hour,  which  is  more  nearly 
the  average  speed  of  trains. 

Another  (and  better)  rule  is  to  "elevate  for  the  speed  of  the 
fastest  trams."  This  rule  is  further  justified  by  the  fact  that  a 
four-wheeled  truck,  having  two  parallel  axles,  will  always  tend 
to  run  to  the  outer  rail  and  will  require  considerable  flange  pres- 
sure to  guide  it  along  the  curve.  The  effect  of  an  excess  of  super- 
di«yation  on  the  slower  trains  will  only  be  to  relieve  this  flange 
Iffeanir«|  somewhat.    This  rule  is  coupled  with  the  limitation 
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hat  the  elevation  should  never  exceed  a  limit  of  Six  ijK^es— 
sometimes  eight  inches.  This  limitation  implies  that  loisomo^ 
tive  engineers  must  reduce  the  speed  of  fast  trains  around  sharp 
curves  until  the  speed  does  not  exceed  that  for  which  the  aclUftI 
superelevation  used  is  suitable.  The  heavy  line  in  Table  XIX 
dhows  the  six-inch  limitation. 

Some  roads  furnish  their  track  foremen  with  a  list  of  the  super- 
elevations to  be  used  on  each  curve  in  their  flections.  This 
method  has  the  advantage  that  each  location  may  be  separately 
Studied,  and  the  proper  velocity,  as  affected  by  local  conditions 
(e.g.,  proximity  to  a  stoppirtg-place  for  all  trains),  may  be  de-* 
termined  and  applied. 

Another  method  is  to  allow  the  foremen  to  determine  the 
superelevation  for  each  curv^e  by  a  simple  measurement  taken 
at  the  curve.  The  rule  is  developed  as  follows:  By  an  inversion 
of  Eq.  19  we  have 

x=chord*^SR (31) 

Putting  X  equal  to  e  In  Eq.  30   and  solving  for  **  chord,*'  we 
have 

cAord  2  =  . 0000572  PD:  R 

-2.621  F«. 
chord  =  1.C^2V (32) 

To  apply  the  rule,  assume  that  50  miles  per  hour  is  fixed  .«• 
the  velocity  from  which  the  superelevation  is  to  be  computodv 
Then  1.62K  =  1.62x50 =81  feet,  which  is  the  distance  given  i9 
the  trackmen.  Stretch  a  tape  (or  even  a  string)  with  a  leni^li 
of  81  feet  between  two  points  on  the  concave  side  of  the  head  of 
cither  the  inner  or  the  outer  rail.  The  ordinate  at  the  nuddts 
point  then  equals  the  superelevation.  The  values  of  this  chofd 
■length  for  varying  velocities  are  given  in  the  accompanying 
tabular  form. 


Velocity  in  miles  |>er  hour. 
Chord  length  in  feet 


20 
32.4 


23 
40.5 


30 
48.6 


35 
66.7 


40 
64.8 


45 
72.9 


50      55 
81.089.1 


60 
97.1 


The  following  tabular  form  shows  the  standard  (at  one  time) 
on  the  N.  Y.,  N.  H.  &  H.  R.  R.  It  should  be  noted  that  tM 
elevations  do  not  increase  proportionately  with  the  radius,  skMl 
that  tJviy  »je  higher  for  descending  grades  than  for  teVld  4ti 
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QjiPttuUng  grades.  This  is  on  the  basis  that  the  velocity  on  curves 
and  on  ascending  grades  will  be  leas  than  on  descending  grades, 
For  example,  the  superelevation  for  a  0^  30'  curve  on  a  dd<- 
seeoding  grade  corresponds  to  a  velocity  of  about  54  miles  per 
hour,  while  iof  a  4^  curve  on  a  level  or  ascending  grade  the  super- 
elevation corresponds  to  a  velocity  of  only  about  38  miles  per 
hour. 


TABLE  OF  THB  SUPFRELBVATION  OP  THE  OUTER  RAIL  ON  CURVES. 

N.  Y.,  N.  H.  &  H.  R.  R. 


Degree  of 
curve. 

Level  or  as- 

Descending 

cending  grade. 

grade. 

inches. 

inches. 

O**  80' 

Of 

1 

1     00 

1 

li 

1     15 

li 

2 

1     30 

2 

2i 

1     45 

2i 

2 

3    00 

2| 

2f 

d     15 

2| 

3 

2     30 

2| 

3i 
31 

2    45 

3 

3    00 

3i 

3f 

3     15 

31 

3i 

3     30 

3f 
3} 

4 

3    45 

4» 

4    00 

4 

4i 

73.  TnnsitiQll  from  level  to  inclined  track.  On  curves  the 
traok  is  Manned  transversely ;  on  tangents  it  is  level.  The  tran- 
sition fmn  one  condition  to  the  other  must  be  made  gradually. 
If  there  is  no  transition  curve,  there  must  be  either  inclined 
track  on  the  tangent  or  insufficiently  inclined  track  on  the  curve 
or  both.  Sometiines  the  full  superelevation  is  continued  through 
the  tolfd  length  of  the  curve  and  the  ''  run-off  (having  a  length 
d  100  to  400  feet)  is  located  entirely  on  the  tangents  at  each 
mid.  Ill  other  practice  it  is  located  partly  on  the  tangent  and 
partly  en  the  curve.  Whatever  the  method,  the  superelevation 
is  ecirreet  at  only  one  point  of  the  run*off .  At  all  other  points 
it  is  toe  gr^t  or  too  small.  This  (and  other  causes)  produces 
objectioBAble  birches  and  resistances  when  entering  and  leav- 
ing QtffVea.    The  object  of  transition  curves  is  to  obviate  these 


.  Ott  .the  Lehigh  Valley  R,  R.  the  run-off  is  made  in  the  form 
of  a  reversed  vertical  curve,  as  shown  in  the  accompanying 
figuro.    Aecording  to  this  system  the  length  of  run-off  varies 


86  RAILROAD    CONHTHUCnON.  §  74. 

from  120  feet,  for  a  superelevation  of  one  inch,  to  450  feH, 
for  a  euperelevation  of  tea  inches.  .  Such  »  superelevktloB 
B3  ten  inchea  is  very  unusual  practice,  but  is  succestfulfy 
operated  on  that  road.  The  curve  ie  concave  upward  for  tW(H 
thirds  of  its  length  and  then  reverses  so  that  it  ia  convex  upward. 


E    POR  RtTN-OFF  or  ELEVATION   0 
ill  inohes  tor  each  30-root  rail  oomntenc] 


FcuBvra. 


The  f^re  (and  also  the  lower  line  of  the  tabulated  form)' 
shows  the  drop  for  each  thirty-foot  rail  tenjcth.  For  shorter 
l^igths  of  run-off,  the  drop  for  each  30  feet  is  shown  by  the  car- 
responding  lines  in  the  tabular  form.  Note  in  each  horizontal 
line  that  the  sunt  of  the  drops,  under  which  30  is  found,  equate- 
the  total  superelevation  as  found  in  the  first  column.  For 
example,  for  4  inchea  superelevation,  length  of  curve  240  feat, 
the  successive  drops  are  i",  i",  J",  J",  i",  i",  i",  and  4"- 
whose  sum  is  4  inches.  Possibly  the  more  oonvKiiait  foiIB 
would  be  to  indicate  for  each  30-foot  point  the  actual  mipw>' 
elevation  of  the  outer  rail,  which  would  be  for  the  above  Mar 
(running  from  the  tangent  to  the  curve)  i",  |",  J",  1§",  3ff\ 
J  31",  3i",  4". 

74.  Fundamental  princifk  of  trandtion  curret.    If  a  earwm 
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has  variable  curvature,  beginning  at  the  tangent  with  a  curve 
of  infinite  radius,  and  the  curvature  gradually  sharpens  until  it 
equals  the  curvature,  of  the  required  simple  curve  and  there 
becomes  tangent  to  it,  the  superelevation  of  such  a  transition 
eufve  may  begin  atzeroiit  the  tangent,  gradually  increase  to 
the  required  superelevation  for  the  simple  curve,  and  yet  have 
at  every  point  the  superelevation  required  by  the  curvature  at 
that  point.  Since  in  Eq.  (30)  e  is  directly  proportional  to  2), 
the  required  curve  must  be  one  in  which  the  degree  of  curve  / 
increases  directly  as  the  distance  along  the  curve.  v/ 

75.  Varieties  of  Transition  Curves.  A  theoretically  exact 
transition  curve  is  very  conplicated  and  its  mathematical 
solution  very  di^cult,  A  committee  of  the  Amer.  Rwy.  Eng. 
Assoc,  investigated  the  many  systems  which  have  been  proposed 
and  reported  that  all  of  them  seemed  to  be  objectionable  for 
one  or  more  of  the  following  reasons:  '^(1)  If  simple  approximate 
formulas  were  used,  they  were  not  sufficiently  accurate.  (2) 
Accurate  formulas  were  too  complex.  (3)  The  curve  could  not 
be  expressed  by  formulas.  (4)  Formulas  were  of  the  endless 
series  class.  (5)  Complex  field  methods  were  required  to  make 
the  field-work  agree  with  formulas  with  spirals  of  large  angles." 
The  conmiittee  then  developed  a  method  which  gives  results 
whose  accuracy  is  beyond  that  of  the  most  careful  field-work  and 
yet  which  is  sufficiently  simple  for  practical  use.  The  mathe- 
matical development  is  so  elaborate  that  it  will  not  be  detailed 
here,  but  the  working  formulas  and  a  condensation  of  the  table 
together  with  an  explanation  of  their  practical  use  and  applica- 
tion, will  be  given,  with  numerical  examples. 

The  general  form  of  these  curves,  whatever  their  precise 
mathematical  character,  is  shown  in  Fig.  36.  AVE  are  two 
tangents,  joined  by  the  simple  circular  curve  AM  By  having  the 
center  O.  Assume  that  the  entire  curve  is  moved  in  the  direc- 
tion MO  a  distance  00' = MM' = BB' = AA\  At  some  point  TS 
on  the  tangent,  the  spiral  begins  and  joins  the  circular  curve 
tangentially  at  SC,  The  other  spiral  runs  from  OS  to  ST,  The 
significanoe  of  these  symbols  may  be  readily  remembered  from 
the  letters;  T,  S,  and  C  signify  tangent,  spiral  and  circular  curve; 
TS  is  the  point  of  change  from  tangent  to  spiral,  SC,  the  point 
of  ehange  from  spiral  to  curve,  etc.  At  the  other  end  of  the 
eireular  curve  the  letters  are  in  reverse  order,  the  station  numbers 
increasing  from  AtoB,    The  meaning  of  the  various  symbols  is 
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indical«d  in  Fig.  36.  The  Btudetit  flhould  &ppfeouit«  tbd  huei  a( 
the  necessary  dratortion  of  the  figure  is  order  to  make  it  piiib: 
Baaed  on  the  figures  of  the  foUowir^  numetical  problem,  tha 
distance  MM'  is  alx)ut  fourteeu  times  it*  proper  amount.  Anotbtf 
eSoct  of  the  distoitioa  is  that  the  dimeneion  U,  Inateod  gf  bong 


nearly  twice  V,  which  it  uaual,  aa  given  in  Table  IV,  Part  B,  b 
only  a  little  longer  than  V. 
I      76.  Proper  lengdi  of  Bplnl.    This  can  only  be  computed  on 
the  basis  of  certain  asaumptionB  as  to  the  desired  rale  of  tipping 

the  car,  so  as  to  avoid  discomfort  to  passengers,  and,  of  ooum,- 
thia  depends  nc  the  expected  velocity.  There  is  also  a  maximtUA 
limitation,  since  the  sum  of  the  two  spiral  angles  cannot  exccAl 
the  total  central  angle  of  the  curve.  The  rrHnimum  lengtlH 
reoofomended  are  as  follows: 
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On  curves  which  limit  the  speed: 

e""  and  oVer»  240  feet; 

Lete  thaii  6%  diXspeed  in  m^p.h.  for  eleration  bf  8  inohe». 
On  curves  which  do  not  limit  the  speed: 

30  times  elevation  in  inches,  bt 

iXultimate  speed  in  m^p.h.  Xelevation  in  inches. 

For  example.  (1)  5^  curve  which  limits  speed;  speed  limit 
48  m.p.h.  by  interpolation  in  table,  §  71;  48X5i«256  feet 
minimum  length.  (2)  3°  curve;  maximum  operating  speed  60 
m«p.h.;  superelevation,  .62  feet  ^7.44  inches;  30X7.44=223.2 
feet;  or,  J  X 60X7.44 =297.6  feet.  Of  course  the  higher  value 
should  be  used,  or  say  300  feet  as  the  minimum  length. 

While  it  is  generally  true  that  the  longer  transition  curves 
give  easier  riding^  the  spiral  must  not  reach  the  center  point  of 
the  curve.  Since  it  is  approximately  true  that  the  spiral  extends 
for  equal  distances  on  each  side  of  the  original  point  of  curve,  it  is 
nearly  true  that  two  spirals,  each  having  the  same  length  as  the 
original  curve,  would  just  meet  at  the  center.  The  length  of  a 
spiral  should  in  general  be  very  much  less  than  the  length  of  the 
original  curve. 

77*  Symbols.  Beside  the  symbols  whose  significance  is 
clearly  indicated  in  Fig.  36,  the  following  are  defined: 

a  The  angle  between  the  tangent  at  the  T8  and  the  chord  from 

the  TS  to  any  point  on  the  spiral;  ai  is  the  angle  to  the 

first  chord  point. 
A  The  angle  between  the  tangent  at  the  TS  and  the  chord 

from  the  TS  to  the  SC. 
D  The  degree  of  the  jcentral  circular  curve. 
A  The  central  angle  of  the  original  circular  curve,  or  the  angle 

between  the  tangents. 
<l>  The  total  central  angle  of  the  spiral. 
k  The  incfettse  in  degree  of  curve  per  station  on  the  Spiral. 
L  The  length  of  the  spiral  in  feet  from  the  TS  to  the  SC. 
8  The  leftgth  of  the  spiral  in  stations  from  the  TS  to  the  SC. 
9  The  letigth  of  the  spiral  in  stations  from  the  TS  to  any  given 

point. 

7A.  l!>e6ections.  The  field  formulas  for  deflections  are  based 
on  the  following  two  equations: 

a  **  10  ks^  minutes, 
A  =*  10  kS^  minutes. 
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The  first  deflection  Oi  =  10  ksi^  minutes.  But  k  is  the  increase  in 
degree  of  curve  per  station,  and  since  the  degree  of  curve  in- 
creases as  the  length,  k^D-i-S,  S  being  expressed  in  stations. 

/  D\ 
For  point  1,  since  S  =  lOs,  ai  =  10|  — -  )si*  =  D«i,  which  may  be 

\10si/ 

expressed  as  the  degree  of  the  ciu^es  times  the  length  of  the  chord 
in  stations.  For  example,  if  the  spiral  is  400  feet  long  (which 
means  that  L=400  and  S=4)  and  runs  on  to  a  6°  curve  (then 
D  =  5),  one  chord  is  40  feet  long  and  s  =  .4  station.  Then  ai=6 
X0.4  =2  minutes  of  arc  for  the  deflection  for  the  first  chord  point. 
And  since  the  deflections  are  as  the  square  of  the  number  of  sta- 
tions, the  deflections  from  TS  to  succeeding  stations  will  be  4,  9, 
16,  25,  36, 49, 64, 81,  and  100  times  2  minutes,  these  factors  being 
those  given  in  the  second  vertical  column  of  Part  A  of  Table 
IV.  The  last  deflection=A  =  100X2'  =  200'=3''  20' =  i  (10**) 
=  i<l>,  <l>  being  the  total  central  angle  of  the  spiral.  Although 
it  is  always  nearly  true  that  A  =  §0,  and  the  error  is  inappreciable 
for  small  angles,  the  error  amounts  to  30  seconds  of  arc  when 
0=21**  30',  an  unusually  large  angle. 

The  deflection  from  any  other  point  of  the  spiral  to  any  other 
point,  either  forward  or  backward,  may  be  found  by  multiplying 
the  value  of  ai  (in  this  case  2'),  by  the  coeflBcients  in  the  proper 
vertical  column  of  that  table. 

The  spiral  angle 


kS^      kU      DL    5X400^ 


\lso, 
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20000 
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2 
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2 
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The  values  of  the  ratios  U-i-L  and  V-i-L  for  even  degrees,  and 
for  il,  Ct-L,  X-s-L,  and  F-r-L  for  half  degrees  are  given  in  Parts 
B  and  C  of  Table  IV.  When  it  is  desired  to  temporarily  omit 
locating  the  intermediate  points  of  the  spiral,  the  jump  from  the 
TS  to  the  SC  may  be  made  by  measuring  the  distance  U  from  th€i 
TS  along  the  tangent.  At  that  point  a  deflection  ^  and  a 
measured  distance  V  will  give  not  only  the  position  of  SC  but 
also  the  direction  of  the  tangent  at  the  beginning  of  the  circular 
curve.  Another  method  of  locating  the  SC  without  locating 
the  intermediate  points  is  to  make  the  deflection  A  at  the  T3 
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and  measure  the  long  chord  C.  In  the  above  numerical  problem 
this  equals  400 X. 998664  =399.47,  a  little  over  6  inches  short  of 
the  full  400  feet.  By  setting  up  the  transit  at  the  SC^  back- 
sighting  at  the  TS,  and  turning  off  the  angle  (0— A),  which  in 
the  above  case  is  10*^-3°  19'  57"=6**  20'  03",  the  direction  of 
the  tangent  at  the  SC  is  obtained.  In  this  case,  the  three  sec- 
onds variation  from  the  approximate  value  is  utterly  negligible. 
The  other  dimensions  are  easily  determined  horn  the  tables  if 
desired; 

X=  .996975X400=398.79, 
r=.  058053X400=  23.22, 
U  =  .  667742  X400  =  267 .  10 
7«  . 334313  X400  =  133 .  73. 

For  greater  convenience  of  notation,  the  points  jr^Sf,  «SC,  CSj 
and  STy  in  Fig.  36  are  also  indicated  by  the  letters  Q,  Z,  Z'  and 
0'  respectively.  The  same  letters  are  used  for  the  corresponding 
points  in  Figs.  37  and  38. 

79.  Location  of  spirals  and  circular  curve  with  respect  to 
tangents.  See  Fig.  36.  Let  AV  and  BF  be  the  tangents  to  be 
connected  by  a  Z)®  curve,  having  a  suitable  spiral  at  each  end. 
If  no  spirals  were  to  be  used,  the  problem  would  be  solved  as  in 
simple  curves  giving  the  curve  AMB.  Introducing  the  spiral  has 
the  effect  of  throwing  the  curve  away  from  the  vertex  a  distance 
MM'  and  reducing  the  central  angle  of  the  D°  curve  by  2^. 
Continuing  the  curve  beyond  Z  and  Z'  to  A'  and  B'y  we  will 
have  AA'  ^^BB'  =MM'.  ZK=  the  V  ordinate  and  is  therefore 
known.    Call  MM'  =  m.    A'N  =  Y-R  vers  <t>.    Then 

WW,      .  .,      A'N      y-«vers0 

m=MM'=AA'=^ —  = (33) 

cos  JA  cos  |A 

NA=AA'8\n  iA  =  {Y-R  vers  4>)  tan  JA. 

VQ--QK-KN+NA+AV 

=X— -B  sin  ^+(F— -K  vers  4>)  tan  iA+  R  tan  ^A 
«X--B8in  0+>^  tan  §A+/2  cos  0  tan  iA.     .     .    .     (34) 

When  A'N  has  already  been  computed,  it  may  be  more  con- 
venient to  write 

yQ=X+i2(tan  JA- sin0)+A'i\rtan  JA (35) 
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=RexseciA+—^ ;B^^ew_0 

cos  f  A      COS  ^A 
AQ-'VQ-AV 

-A"-/?  sin  ^'\-{Y-R  vers  0)  tan  JA (87) 

Example.    To  join  two  tangents  making  an  angle  of  34**  W 

by  a  5**  40'  curve  and  suitable  spirals.      Assume  that  the  spiral 

is  300  feet  long.     Then 

DS    5.67X3         „       „      , 
0=— =  — - — =»8.6°-8°  30'. 

Since,  from  Table  IV,  Part  A,  7 -rL«. 049374  for  0  =  8**  30', 
7  =  14.812;  similarly,  we  find  X=299.344  and  C=299.71. 

[Eq.  33] 


[Eq.ae] 


[Eq.  351 


[Eq.  37] 
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" 
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8.04076 

• 

11.  UO 
r-14.812 

1.0467^ 

A'N^  3.702 

COS  iA 

0.6684S 
9.9802^ 

m-MM'  = 

--AA'     =  3.875 

R 

0.58822 

3.0049V 

exsec  JA 

8.66803 

yjlf =47. 164 
iw=  3.875 

i.wsep 

1 

7Jf'»  61. 039 

=   .30891 
=    .14781 

X =299.344 

nat.  tan  iA  = 
nat.  sin    0  = 

1 

.16110 

9.20709 

R 

3.00497 

162.964 

2.21206 

[See  above] 

A'N 
tan'iA 

0.50843 
9.48984 

1 .  144 

AN 

0.05827 

70-463.442 

R 
tan  JA 

3.00497 
9.48984 

312.471 

AV 

2.49481 

AQ  =  150.971 
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It  should  be  noted  that  4Q  is  within  a  foot  of  equalms  one^uUf 
the  length  of  the  spiral,  which  iUuBtrat^s  the  general  fact  that  a 
spiral  begins  at  approximately  one-half  its  length  from  th? 
F.Q:  of  the  siinple  curve.  AU  approximate  Aygten^  of  spirals 
aQBuine  this  to  be  exactly  tniq. 

9o«  Fi^l4-wor)E«  When  the  spiral  is  designed  during  ^ 
original  location,  the  tangent  distance  VQ  should  be  eompvted 
and  the  point  Q  located.  It  is  hardly  necessary  to  locate  all  of 
the  points  of  the  spiral  until  the  track  is  to  be  laid.  The  extrem- 
ities should  Ije  located,  and  as  there  will  usually  be  two  or  more 
full  station  points  on  the  spiral,  these  should  also  be  located. 
Z  may  be  located  by  setting  off  QK^X  and  KZ  =  Y,  or  else  by 
the  tabular  deflection  for  Z  from  Q  and  the  distance  ZQ,  which 
is  the  long  chord  c.  Setting  up  the  instrument  at  Z  and  sighting 
back  at  Q  With  the  proper  deflection,  the  tangent  at  Z  may  be 
found  and  the  circular  curve  located  as  usual,  its  central  angle 
being  A— 2^.     A  similar  operation  will  locate  Q'  from  Z\ 

To  locate  points  oo  the  spiral.  Set  up  at  Q,  with  the  plates 
reading  0°  when  the  telescope  sights  along  VQ.  Set  off  from 
Q  the  deflections  computed  from  Table  IV  for  the  instrument  at 
Qf  using  a  chord  length  of  L-i-lO,  the  process  being  like  the 
method  for  simple  curves  except  that  the  deflections  are  variable. 
If  a  full  station-point  occurs  within  the  spiral,  interjwlate 
between  the  deflections  for  the  adjacent  spiral-points.  For  exam- 
ple, a  400-foqt  spiral  nmning  on  to  a  3°  31'  curve  begins  at  Sta. 
56+15.  The  spiral  points  are  40  feet  apart.  Sta.  57  comes 
5  feet  beyond  the  second  spiral  point.  The  first  deflection  ai 
=  Z>«  =  3.5X.4  =  1.4  min.  The  deflection  to  point  2  is  4X1.4 
=  5.6  min.  and  that  to  point  3  is  9  X 14  =  12.6  min.  Then  the 
deflection  to  Sta.  57  is  -^X  (12.6 -6.6) +5.6* 6.47  min. 

T]u0  method  is  not  theoretically  accurate,  but  the  error  is  small. 
Arriving  at  Zt  the  forward  alinement  may  be  obtained  by  sightr 
ing  back  at  Q  (or  at  any  other  point)  with  the  proper  deflection 
for  that  point  from  the  station  occupied.  Then  when  the  plate# 
read  0°  th^  telescope  will  be  tangent  to  the  spiral  and  to  th9 
succeeding  curve.  AU  rear  points  should  be  checked  from  Z, 
XI  it  is  nocessary  to  occupy  an  intefmediate  station,  use  the  de^ 
flections  given  for  that  station,  orienting  as  just  explained  for  9t 
checking  the  back  points  and  locating  all  forward  points  up  to  Z 
if  possible. 

After  the  center  curve  has  been  located  and  Z*  is  reached,  the 
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other  spiral  must  be  located  but  in  reverse  order,  i.e.,  the  sharp 
curvature  of  the  spiral  is  at  Z'  and  the  curvature  decreases 
toward  Q\ 

8i.  To  replace  a  simple  curve  by  a  curve  witih  spirals.  This 
may  be  done  by  the  method  of  §  79,  but  it  involves  shifting  the 
^ole  track  a  distance  m,  which  in  the  given  example  ecfuals 
8.87  feet.    Besides  this  the  track  is  appreciably  shortcmed, 


Fig.  37. 


which  would  require  rail-cutting.  But  the  track  may  be  kept 
at  practically  the  same  length  and  the  lateral  deviation  fnnn  the 
old  track  may  be  made  very  small  by  slightly  sharpening  the 
curvature  of  the  old  track,  moving  the  new  curve  so  that  it  is 
wholly  or  partially  outside  of  the  old  curve,  the  remainder  of  it 
with  the  spirals  being  inside  of  the  old  curve.  It  is  found  b^ 
experience  that  a  decrease  in  radius  of  from  5%  to  10%  wiH 
answer  the  purpose.  The  larger  the  central  angle  the  less  the 
change.    The  solution  is  as  indicated  in  Fig.  37. 

0'N=R' cos  <t>+Y. 
OT=OW  sec  lA 
I        =i2' cos  ^  sec  iA+y  sec  }A. 
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=22  exseciA- (O'F-fiO 
=i2exseclA-i2'cos^seciA-ysec  jA+i2'.       .    .     (38) 

AQ^QK-KN+NV-VA 

=X-/2' sin  ^+(fi' cos  t^+F)  tan  iA-fi  tan  JA 
=Jir-i2'sin0+i2'cos0tan§A-(/2-y)tan  JA.  •    .    (39) 

A 
The  length  of  the  old  curve  from  Q  to  Q' =2ilQ+100  -. 

A -20 
rhe  length  of  the  new  curve  from  Q  to  Q' =2L+100  , 

n  which  L  is  the  length  of  each  spiral. 

Example.  Suppose  the  old  curve  is  a  7®  30'  curve  with  a 
antral  angle  of  38°  40'.  As  a  trial,  compute  the  relative  length 
>f  a  new  8**  20'  curve  with  spirals  240  feet  long.  JA  =  19*'  20'; 
I  (for  the  7^30'  curve)  =764.49;  R'  (for  the  8°  20'  curve)  = 
»88.16;  <^  =  10**0';  F  =  13.933;  Z=239.274. 

[Eq.  38]  R  2.88337 

exsec  JA  8 .  77642 

45.687       1.65979 

y«i688.16  _ 

733.847  R'  2.83768 

cos^  9.99335 

seciA        0.02521 

718.200      2.85624 

Y  1.14405 

seciA        0.02521 

14.766        ....  1.16926 

732.966         732.966 

m-     0.881 

=  ft'  2.83768 

[Eq.  39]  X -239.274  sin  0  9.23967 

119.497      2.07735 

ft'  2.83768 

CO8  0  9.99335 

tan  iA         9.54512 

237.770 2.37615 

ft  =764.49 
Y=   13.93 

750.56    2.87538 
tan  iA    9.54512 

^^Pf^        263.333 2.42050 

382.830    382.830 
ilQ-  94.214 
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The  length  of  the  old  curve  from  Q  to  Q'  is 

100|  =100^1^=. 5i5.666 

2iiQ  =  2X94.214= 188.428 


Neweurve:  100     K/     =  100 ^-^ =224.000 

2L  =2X240  =480.000 


703.984 


704.000      704.000 
Difference  in  length  =     0 .  016 

Considering  that  ihid  dilTei*ence  may  be  divided  amoAg  21 
joints  (using  33-foot  rails)  no  rail-cutting  would  be  necessary. 
If  the  difference  is  too  large,  a  slight  variation  in  Ihe  value  ot 
the  new  radius  R'  ^ill  reduce  the  diffefence  as  much  as  neces- 
sary. A  truer  comparison  of  the  lengths  would  be  found  by 
comparing  the  lengths  of  the  arcs. 

82.  Application  of  transition  cturves  to  compound  cuTVetL 
Since  compound  curves  are  only  employed  when  the  loclition  (d 
limited  by  local  conditions,  the  elements  of  the  compound  curve 
should  be  determined  (as  in  §§68  and  69)  regardless  of  the 
transition  curves,  depending  on  the  fact  that  the  lateral  shifting 
of  the  curve  When  transition  curves  arc  introduced  .is  very  smalL 
If  the  limitations  are  very  close,  an  est  imated  allowance  may  be 
made  for  th^m. 

M(>thods  have  been  devised  for  inserting  transition  curves 
between  the  bran  hes  of  a  compound  curve,  but  the  device  is 
oompticated  and  usually  needless,  since  when  the  train  is  onoe 
on  M  t'xirvo  the  wheels  press  against  the  outer  rail  steadily  and 
a  chaiipf*  in  curvature  will  not  produce  a  serious  jar  even  though 
the  superelevlition  is  temporarily  a  Utile  more  or  less  than  i& 
should  b"" 

K  the  easier  curve  of  the  compound  curve  is  less  than  3®  ct 
4*,  there  may  be  no  need  for  a  transition  curve  off  from  that 
branch.  This  problem  then  has  two  cases  according  as  transition 
curves  are  used  at  both  ends  or  at  one  end  only. 

a.  With  iransition  airves  at  both  ends.  Adopting  the  method 
of  §  79,  calling  ^i  =  i  J,  we  may  compute  mj  =  AfM/.  Simiiadyi 
calling  Jj-teJJj  we  may  compute  rn^^MM^.  But  M/  and  Mf 
must  be  made  to  coincide.  This  may  be  done  by  moving  tte 
curve  Z'M^'  and  its  transition  curve  parallel  to  Q'F  a  distance 
M'/M^y  and  the  other  curve  parallel  to  QF  a  distance  M^'M^ 
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riangfe  Mx'MJd^',  the  angle  at  Jlf/^90^- J„  tfao  MBoJgib 

=90°— ^2*  ^^^  ^^G  angle  at  Afj  =  J. 


'      '        '      *         sin  J  sin  J 


K40) 


FiQ,  88. 

ih  a  transition  curve  on  the  sharper  curve  only,  Com- 
=^MMi  as  before;  then  move  the  curve  Z^Mi  parallel 
SI  distance  Of 


•h/T  f-hjr  cos  Jn 

sm  J 


(4y 
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The  simple  curve  MA  is  moved  parallel  to  VA  a  distance  of 

%i^nr  COS  Ji  ,^ 

MM.=m,-. — f U 

If  Ji  and  J]  are  both  small,  M/M^  and  MM^  may  be  m< 
than  nil,  ^^^  ^^^  lateral  deviation  of  the  new  curve  from  the  < 
will  always  be  less  than  mj. 

83.  To  replace  a  compound  curve  by  a  curve  with  spin 
The  numerical  illustration  given  below  employs  another  methc 
We  first  solve  for  m^  for  the  sharper  branch  of  the  curve,  j)h 
ing  ii=J^  in  Eq.  38.  A  value  for  R^  may  be  found  wh< 
corresponding  value  of  m,  will  equal  m^.  Solving  Eq.  38  for  4 
we  obtain 


-R  vers  }A  —  w  cos  }A  —  F 
R  = r- .       •    .     •'*  \4 

cos  0  — COS  iA 

Substituting  in  this  equation  the  known  value  of  nti  (»« 
and  calling  R'=Rt\  R^Rt,  and  As^H,  solve  for  i^'.  Obtf 
the  value  of  AQ  for  each  branch  of  the  curve  separately  by  i 
39,  and  compare  the  lengths  of  the  old  and  new  lines. 

Example,  Assume  a  compound  curve  with  I>i=8**,  0^«< 
Ai  ==  36°,  and  As^  32°.  Use  240-foot  spirals  at  each  end.  Aann 
that  the  sharper  curve  is  sharpened  from  8^  0'  to  8°  15'.      :  > 

£4.381  '       Ri  2tiMI 

exsec  36^         O.W 


109.21 
695.09 


8.25X240  Ri'  (8'»  150  2;Wa 

2  cos  01  0.9#l 

>9;<^  =9<»54'  sec  Ai  COK 


846.39  ....  2.m 

Fi -240  X.  05747  Tt  lH 

-13.79  800  At  CUM 

17.05  .....  l^ 

863.44                                             863.44  i\\ 


mim    0.86 
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[Eq.431  ^.1:5^  jB«  3.15615 

-*•  vera  32"  0.18170 

-4«.86-4*»51'.6  

217.700 2.33785 

Ff-   .02826X240.  mi  =0.86  9.93450 

-6.782  COB  32'*  9.92842 

0.729 9.86292 

r» -6.782 

7.511  7.511  

210.189      2.32261 

nat.  cos  0s s. 99640 
nat.  cos  As -.84805 

. 14835  9.17129 

12/ -1416.84     [4'»2'41'q 3.15132 

Eq.391      Zi-  239.286    Xi-. 997024X240  ==, 

-239.286  Ri'  2.84204 

sin  01  9 .  23535 

119.505  2.07739 


Ri'  2.84204 

cos  01  9.99348 

tan  jA(Ai  -36<»]  9.86126 

•497.489 2.69678 

i?i  =716.78 
yi=  13.70 

703.08  2.84700 

taniA  9.86126 

736.776 

630.325                                   510.820  2.70826 

iiQi  =  106.450  630.325 

[Eq.ll|                                                                                      Rt'  3.15132 

Zs-- 999284X240                                                 sin  0s  8.92799 

-239.828                  120.036   2.07931 

-Am  ■ 

R^  3.15132 

cos  0s  9.99843 

taii}A(As=32«')  9.79579 

'882.145   •    •    •~.7«    • 2.94554 

fts  =  1432.7 
Ks-       6.8 

1425.9  3.15400 

tan  }A  9.79579 

891.00     •    . 2.94988 

^  1121.973  1011.03 

1011.03  j 

ilQs-  110.94 
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For  the  length  of  the  old  track  we  have: . 

100  1^=100^=  460. 

100  K- =100^-=  800. 

AQt^  106.45 
AQi  «  110.94 

=  1467.39 

For  the  length  of  the  new  track  we  have: 

100^.,OOP!_1  _  316,*»        , 

»OOA^  =  100H^=  671.11 

Spiral  on  8°  15'  curve  =  240.00 

Spiral  on  4*»  02*  41  '  curve  =240.00 

Length  of  new  traok  *  1467.47 
Length  of  old  traok   =1467.39 

Excess  in  length  of  new  track  =       0 .  08  feet. 

Since  the  new  track  is  slightly  longer  than  the  old,  it  shofws 
^h^t  the  new  track  runs  too  far  outside  the  old  track  at  the 
P»C.C,  On  the  other  hand  the  offset  m  is  only  0.86.  The 
maximum  amount  by  which  the  new  track  comes  inside  of  the 
old  track  at  two  points,  presumably  not  far  from  Z'  and  Z,  is 
very  difficult  to  determine  exactly.  Since  it  is  desirable  thai 
the  maximum  offsets  (inside  and  outside)  should  be  made  as 
nearly  equal  as  possible,  this  feature  should  not  be  sacrificed  to 
^  effort  to  make  the  two  lines  of  precisely  equal  length  so  thai 
the  rails  need  not  be  cut.  Therefore,  if  it  is  found  that  the  offsets 
inside  the  old  track  are  nearly  equal  to  m  (0.86),  the  ^bof^ 
figures  should  stand.  Otherwise  m  may  be  diminished  (and  Uiii 
above  excess  in  lengtl^  of  track  diminished)  by  increasing  A' 
very  sUghtly  and  making  the  necessary  consequent  changes. 

VERTICAL  CURVES 

84.  Necessily  for  their  use.  Whenever  there  is  a  change  in 
the  rate  of  grade,  it  is  necessary  to  eliminate  the  angle  thai 
woqld  be  formed  at  the  point  of  change  and  to  connect  the  two 
grades  by  a  curve.  This  is  especially  necessary  at  a  sag  between 
two  grades^  since  the  shock  p0,v^ed  by  abruptly  forcing  an  iqh 
ward  motion  to  a  rapidly  moving  heavy  train  is  very  severe  both 
to  the  track  and  to  the  rolling  stock.  The  necessity  for  vertical 
curves  was  even  greater  in  the  days  when  link  couplers  were  it 
universal  use  and  the  "slack"  in  a  long  train  was  very 
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Jnder  Buch  oireiimstaiioes,  when  a  train  was  moving  down  a 
leavy  grade  the  cars  would  crowd  ahead  against  the  engine, 
leaching  the  sstg,  the  engine  would  begin  to  pull  out,  rapidly 
aking  out  the  slack.  Six  inches  of  slack  on  each  car  would 
mount  to  several  feet  on  a  long  train,  and  the  resulting  jerk  on 
he  couplers,  especially  those  near  the  rear  of  the  train,  has  fre- 
[uently  resulted  in  broken  couplers  or  even  derailments.  A 
'ertical  curve  will  practically  eliminate  this  danger  if  the  curve 
s  made  long  enough. 

B%,  Required  length,  Theoretioally  th^  t^^^th  should  de- 
enff  on  the  change  in  the  rate  of  grade  and  on  th^  length  of  the 
>nge8t  train  on  the  road.  A  sharp  change  in  the  rate  of  grade 
H)iiires  a  long  curve;  a  long  train  requires  a  long  curve;  but 
nee  the  longest  trains  are  found  on  roads  with  light  grades  and 
nail  changes  of  grade,  the  required  length  is  thus  i<omewhat 
lualised.  The  A.R.£A.  rule  is:  ''On  class  A  roads  (see  §  234) 
itea  of  change  of  0.1  per  cent  per  station  on  summits  and  0.05  per 
sit  per  itation.  in  sags  should  not  be  exoeeded.    On  minor  roads 

2  per  oent  per  station  on  summits  cuid  0.1  per  cent  per  station 
.  sags  may  be  used."    When  changing  from  a  dowp  g]*ade  to  an 

3  grade  (or  vice  versa)  the  change  of  grade  equals  the  numerical 
im  of  the  two  rates  of  grade.  For  example,  if  a  0.5  per  cent 
>wn  grade  is  foQowed  by  a  0.7  per  cent  up  grade,  the  road  being 
"(ninor"  rpad^  then,  by  the  above  rule  the  length  of  the  curve 
ould  be  at  least  [US -(-0.7)]  ^0.1  =12  stations  or  1200  feet. 
idad  length  incsieases  the  amount  of  earthwork  required  both 

cuts  and  fills,  but  the  resulting  saving  in  operating  expenses 
ill  always  Justify  a  cODsiderable  increase. 
S6.  Fonii  ti  curve.    In  Fig.  30  assume  that  A  and  C,  equi- 


FiG.  39. 

3tant  from  B,  are  the  extremities  of  the  vertical  curve.  Bisect 
7  at  e;  draw  Be  and  bisect  it  at  h.  Bisect  AB  and  BC  at  k 
d  L  Hie  line  H  will  pass  through  h.  A  parabola  may  be 
awn  with  its  vertex  at  h  which  will-be  tangent  to  AB  and  BC 
A  and  C.     It  may  readily  be  shown  *  from  the  properties  of 

*  See  note  at  end  of  this  chapter. 
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a  parabola  that  if  an  ordinate  be  drawn  at  any  point  (as  at  n) 
we  will  have 

«n  :  eh  (or  hB)  :  :  An?  :  Ae? 
or  sn^eh^ (44^ 

In  Fig.  39  the  grades  are  necessarily  exaggerated  enormously. 
With  the  proportions  found  in  practice  we  may  assume  that 
ordinates  (such  as  m/,  cB,  etc.)  are  perpendicular  to  either 
grade,  as  may  suit  our  convenience,  without  any  ap}»eciable 
error.  In  the  numerical  case  given  below,  the  variation  of 
these  ordinates  from  the  vertical  is  0®  07',  while  the  effect  d- 
this  variation  on  the  calculations  in  this  case  (as  in  the  mo0l 
extreme  cases)  is  absolutely  inappreciable.  It  may  easily  be 
shown  that  the  angle  CAB^haXi  the  algebraic  difference  ei  the 
rates  of  grade.  Call  the  difference,  expressed  in  per  cent  cl 
grade,  r;  theii  CAB^ir.  Let 7 —length  (in  '^ stations"  of  100 
feet)  of  the  line  AC,  which  is  practically  equal  to  the  borixontal 
measurement.  Since  the  angle  CAB  is  one-half  the  total  ofaaaoge  ^ 
of  grade  at  B,  it  follows  that  Be^ilX ir     Therefore 

.      Bh^ilr,      . (45):? 

Since  Bh  (or  eh)  and  Ae  axe  constant  for  any  one  curve,  the  cor-  > 
rection  sn  at  any  point  (see  Eq.  44)  equals  a  constant  times  Am\ 
87.  Numerical  example.    Assume  that  B  is  located  at  BCa. 
16+20;  that  the  grade  of  AB  is  -0.5%,  and  of  BC  +0.7%; 
also  that  ihe  elevation  of  B  above  the  datum  plane  is  162.6^ 
Then  the  algebraic  difference  of  the  grades,  r,  =0.7  — (—0.5)  • 
1.2;    ^  =  12.    BA  =  Jir  =  tXl2Xl.2  =  1.8.    il   is  at  Sta.  10+20 
and  its  elevation  is  162.6+(6X0.5)  ==165.6;  C  is  at  Sta.-22+20 
and  its  elevation  is  162.6 +(6X0.7)  =  166.8.    The  elevatioii  of 
Sta.  11  is  found  by  adding   «n   to  the  elevation  (rf  «  on  the 
straight  ^ade  line.    The  constant](eA-^Ae')  equals  in  this  case 
1.8-^600'  =  fl^^^^^^J•    Therefore  the  curve  elevations  are 


; 


! 


A,  Sta.  10+20,  162.6+(6.00X0.5)  -165.80 

11  165.6 -(0.80X0.5) +  T9vW    80* -165.28 

12  165.6-(1.80X0.5)  +  ss^wl80> -164.86 

13  165.6-(2.80X0.5)  +  ,inAnra280>-164.fiO 

14  165.6.-(3.80X0.5)  +  iin^  380>  -164.42 

15  165.6 -(4.80X0.5) +  n,Anro480> -164.35 

16  165.6-(5.80X0.5)  +  ,viftTOiy580« -164.88 
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B,  16+20.  162.6+  1.80  -164.40 

17  166.8-(6.20X0.7)  +  ,7nAnni620»-164.51 

18  166.8-(4.20X0.7)  +  „,Aniff420«=164.74 

19  166.8 -(3.20X0.7) +  TOA,ro  320* -166.07 

20  166.8-(2.20X0.7)  +  ,9^to220»-166.50 

21  166.8-(1.20X0.7)+,a^ffi,120»«=166.03 

22  166. 8 -(0.20X0. 7) +  m^    20*^-166.66 

C,  22+20,  162. 6+(6. 00X0. 7)  =166.80 


DEMONSTRATION  OP   EQ.    44. 

be  geaeral  equation  of  a  parabola  passing  through  the  point  n  (Fig.  36) 
be  written 

y*  +  V»*  -  2p(a;  +  x,»), 

which  ,^«_.+  _-x. 

I    «  ■■  «j  y  ■■  y^    and  we  have 

*»  "  2p  ■*■  2p  "  *A 

tie  general  equation  of  a  tangent  passing  through  the  point  A  may  be 
sa 

vva 

which  X  ■- Xa 

p  ■^* 

I  «"■«,,  y  —  y«["  Vn]'  "^^  ^®  have 


X 


VnVA 


'« 


P 


-^^. 


Va^  +  Vn^-^Vnyj 


•»*-«•»-««-  2p 


2p         ""    2p  • 


2  .i^„4i 

3 


Ae 


2* 


hia  prorefl  the  general  proposition  that  if  secants  are  drawn  parallel  to 
xis  of  X,  mteraecting  a  parabola  and  a  tangent  to  it,  the  intercepts  be- 
1  the  tangent  and  the  parabola  are  pioportional  to  the  square  of  the 
nees  (sieasured  parallel  to  y)  from  the  tangent  point. 


CHAPTER  m. 


EARTHWORK. 


FORM   OP   EXCAVATIONS   AND   EMBANKMENTS. 


88.  Usual  form  of  cross-section  in  cut  or  fill.  The  normal 
form  of  cross-section  in  cut  is  as  shown  in  Fig.  40,  in  which 
$..  .g  represents  the  natural  surface  of  the  ground,  no  matter 


how  irregulnr;  ab  represents  the  position  and  width  of  ihe  i^ 
quired  roadbed;  (w  and  bd  represent  the  **side  slopes"  w^jf^ 
begin  at  a  and  b  and  which  intersect  the  natural  surface  at  9udi 


Fio.  41. 


IKiints  (c  a^d  d)  as  will  be  determined  by  the  requiie4 .  9fOQ| 


•agle  (/«). 


:S« 


The  normal  section  in  fill  is  as  shown  in  F!g.  41.      IWfMJllIk 
c  and  d  are  likewise  determined  by  the  intersection  of  the  n^ 

104 
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qutrcd.^e  slopes  irilh  the  natura!  Hurface.     Tn  eaet^  the  required 
lokdbed  (ab  in  Fig.  43)  intersects  the  natural  surface,  both  cut 


and  fill  are  required,  and  ihe  pointa  c  and  d  are  determined  M 
before.     Note  thut  fi  and  ^'  are  not  necessarily  equal.     Tbeif         / 
proper  values  will  t>e  Uisoureed  later,  1/ 

89.  Tenoiiul  p;rTamida  and  wedgas.  Pig.  43  illustrotc<i  ttia 
general  form  of  cross-seetions  when  there  is  a  transition  froin 
cut  to  filL    a,.,g  repreaeuta  the  grade  line  ^  the  road  whiett 


passes  from  Cwt  to  AH  at  d.  »dt  rcprewmtB  the  nirfaec  profil*. 
A  eroBS-wrtion  tskpn  at  the  point  where  either  wde  of  the  road- 
bed ilrrt  cuts  the  mirfnee  (the  point  m  in  this  case)  will  usually 
be  trlangfllar  if  the  ground  ia  regular.  A  Eimilar  erosE-sertioii 
shonM  b»  taken  at  »,  where  the  other  side  of  the  roadbed  outa 
the  surface.     In  general  the  earthwork  of  cut  and  fill  terminates 
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in  two  pyramids.  In  Fig.  43  the  pyramid  vertices  are  at  n 
and  Aj,  and  the  bases  are  Ihm  and  opq.  The  roadbed  is  generally 
wider  in  cut  than  in  fill,  and  therefore  the  section  Uim  and  the 
altitude  In  are  generally  greater  than  the  section  opq  and  the 
altitude  pk.  When  the  line  of  intersection  of  the  roadbed  and 
natural  surface  {nodkm)  becomes  perpendicular  to  the  axis  of 
the  roadbed  (ag)  the  pyramids  become  wedges  whose  bases  are 
the  nearest  convenient  cross-sections. 

Vgo.  Slopes,  a.  Cuttings.  The  required  slopes  for  cuttings 
vary  from  perpendicular  cuts,  which  inay  be  used  in  hard  rock 
which  will  not  disintegrate  by  exposure,  to  a  slope  of  perhaps 
4  horizontal  to  1  vertical  in  a  soft  material  like  quicksand  or  in 
a  clayey  soil  which  flows  easily  when  saturated.  For  earthy 
materials  a  slope  of  1  : 1  is  the  maximum  allowable,  and  even 
this  should  only  be  used  for  firm  material  not  easily  affected  by 
8atiu*ation.  A  slope  of  1}  horizontal  to  1  vertical  is  a  safer 
slope  for  average  earthwork.  It  is  a  frequent  blunder  that 
slopes  in  cuts  are  made  too  steep,  and  it  results  in  excessive  woi^ 
in  clearing  out  from  the  ditches  the  material  that  slides  down^ 
at  a  much  higher  cost  per  yard  than  it  would  have  cost  to  take 
it  out  at  first,  to  say  nothing  of  the  danger  of  accidents  {rom 
possible  landslides. 

b.  Embankments.  The  slopes  of  an  embankment  vary  from 
1 : 1  to  1.5  : 1.  A  rock  fill  will  stand  at  1  : 1,  and  if  some  care 
is  taken  to  form  the  larger  pieces  on  the  outside  into  a  rough 
drj'  wall,  a  much  steeper  slope  can  be  allowed.  This  method  Is 
sometimes  a  necessity  in  steep  side-hill  work.  Earthwork  em- 
bankments generally  require  a  slope  of  1}  to  1.  If  made 
steeper  at  first,  it  generally  results  in  the  edges  giving  way,  r^ 
quiring  repairs  until  the  ultimate  slope  is  nearly  or  quite  1 J  :  1. 
The  difficulty  of  incorporating  the  added  material  with  the  oM 
embankment  and  preventing  its  sliding  off  frequently  makes 
these  repairs  disproportionately  costly. 
9Z.  Compound  sections.  When  the  cut  con^sists  partly  ol 
\^  earth  and  partly  of  rock,  a  compound  cross-section  must  be 
made.  If  borings  have  been  made  so  that  the  contour  ol  tlis 
rock  surface  is  accurat-ely  kno\\Ti,  then  the  true  cross-section  may 
be  determined.  The  rock  and  earth  should  be  calculated  sepa- 
rately, and  this  will  require  an  accurate  knowledge  of  where  ths- 
rock  ''runs  out'' — a  difi^cult  matter  when  it  must  be  detar* 
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mined  by  boring.  During  construction  the  center  part  of  the 
earth  cut  would  be  taken  out  first  and  the  cut  widened  until  a 
sufficient  width  of  rock  surface  had  been  exposed  so  that  the 
rock  cut  would  have  its  proper  width  and  side  slopes.  Then  the 
earth  slopes  could  be  cut  down  at  the  proper  angle.  A"berm" 
of  about  three  feet  should  be  left  on  the  edges  of  the  rock  cut  as 
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a  margin  of  safety  against  a  possible  sliding  of  the  earth  slopes. 
After  the  work  is  done,  the  amount  of  excavation  that  has  been 
made  is  readily  computable,  but  accurate  preliminary  estimate 
are  difficult.  The  area  of  the  cross-section  of  earth  in  the  figure 
must  be  determined  by  a  method  similar  to  that  developed  for 
borrow-pits  (see  §  120). 

92.  Width  of  roadbed.  Ow'jig  to  the  large  and  often  dis- 
proportionate addition  to  volume  of  cut  or  fill  caused  by  the 
addition  of  even  one  foot  to  the  width  of  roadbed,  there  is  a 
natural  tendency  to  reduce  the  width  until  embankments  ])ecome 
unsafe  and  cuts  are  too  narrow  for  proper  drainage.  The  cost 
of  maintenance  of  roadbed  is  so  largely  dependent  on  the  drain- 
age of  the  roadbed  that  there  is  true  economy  in  making  an 
ample  allowance  for  it.  The  practice  of  some  of  the  leading 
railroads  of  the  country:  in  this  respect  is  given  in  the  following 
table,  in  which  are  also  given  some  data  belonging  more  properly 
to  the  subject  of  superstructure. 

It  may  be  noted  from  the  table  that  the  average  width 
for  an  earthwork  cut,  single  track,  is  about  24.7  feet,  with  a 
minimum  of  19  feet  2  inches.  The  widtlis  of  fills,  single  track, 
average  over  18  feet,  with  numerous  minimiims  of  16  feet. 
The  widths  for  double  track  may  be  found  by  adding  the  distance 
between  track  centers,  which  is  usually  13  feet. 
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93.  F<Min  of  subgrade.  Specifications  (or  the  cross-section 
drawings)  formerly  required  that  the  subgrade  should  have  a 
curved  form,  convex  upward,  or  that  it  should  slope  outward 
from  a  slight  ridge  in  the  center,  with  the  evident  purpase  of 
draining  to  the  sides  all  water  which  might  percolate  through  the 
ballast.  If  the  subsoil  were  hard  and  impenetrable  by  the  ballast, 
the  method  might  answer,  but  experience  has  shown  that,  with 
ordinary  subsoils,  the  ballast  immediately  under  each  rail  is 
forced  a  little  deeper  into  the  subsoil  by  the  passage  of  each  train. 
Periodical  retamping  of  ballast  under  the  ends  of  thd  ties,  and 
little  or  no  tamping  under  the  center,  only  adds  to  the  accumula- 
tion under  each  rail.  A  cross-section  of  a  very  old  roadbed  will 
frequently  show  twice  as  much  depth  of  ballast  under  the  rails 
as  there  is  under  the  center.  This  method  of  tamping  quickly 
obliterates  the  original  line  of  demarcation  between  ballast  and 
subsoil  and  any  expected  improvement  in  drainage  due  to  sloping 
subsoil  is  not  realised.  Therefore  the  A.R.E.A.  specifications 
call  iorfiai  subgrades. 

!H»  Ditches.  "The  stability  of  the  track  depends  upon  the 
strength  and  permanence  of  the  roadbed  and  structures  upon 
which  it  rests;  whatever  will  protect  them  from  damage  or  pre- 
vent premature  decay  should  be  carefully  observed.  The  worst 
enemy  is  water,  and  the  further  it  can  be  kept  away  from  the 
track,  or  the  sooner  it  can  be  diverted  from  it,  the  better  the 
track  will  be  protected.  Cold  is  damaging  only  by  reason  of 
the  water  which  it  freezes;  therefore  the  first  and  most  impor- 
tant provision  for  good  track  is  drainage."  (Rules  of  the  Road 
Department,  Illinois  Central  R.  R.) 

The  form  of  ditch  generally  prescribed  has  a  flat  bottom  12" 
to  24"  wide  and  with  sides  having  a  minimum  slope,  except  in 
rock-wcwk,  of  1  : 1,  more  generally  1.5  : 1  and  sometimes  2:1. 
Sometimes  the  ditches  are  made  V-shaped,  which  is  objection- 
able unless  the  slopes  are  low  The  best  form  is  evidently  that 
which  will  cause  the  greatest  flow  for  a  given  slope,  and  this 

will  evidently  be  the  form  in  which  the 
ratio  of  area  to  wetted  perimeter  is  the 
largest.  The  semicircle  fulfills  this  con- 
dition  better  than  any  other  form,  but  the 
nearly  vertical  sides  would  be  difficult  to 
maintain.     (See  Fig.  45.)     A  ditch,  with  a  flat  bottom  and  such 
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slopes  as  the  soil  requires,  which  approximates  to  the  circular 
fomi  will  therefore  be  the  best. 

When  the  flow  will  probably  be  large  and  at  times  rapid  it 
will  be  advisable  to  pave  the  ditches  with  stone,  especially  if  the 
soil  is  easily  washed  away.  Six-inch  tile  drains,  placed  2f  under 
the  ditches,  are  prescribed  on  some  roads.  (See  Fig.  46.)  No 
better  method  could  be  devised  to  insure  a  dry  subsoil.  The 
ditches  through  cuts  should  be  led  off  at  the  end  of  the  cut  so 
that  the  adjacent  embankment  will  not  be  injured. 

Wherever  there  is  danger  that  the  drainage  from  the  land 
above  a  cut  will  drain  down  into  the  cut,  a  ditch  should  be  made 
near  the  edge  of  the  cut  to  intercept  this  drainage,  and  this 
ditch  should  be  continued,  and  paved  if  necessary,  to  a  point 
where  the  outflow  will  be  harmless  Neglect  of  these  simple 
and  inexpensive  precautions  frequently  causes  the  soil  to  be 
loosened  on  the  shoulders  of  the  slopes  during  the  progress  of  a 
heavy  rain,  and  results  in  a  landslide  which  will  cost  more  to 
repair  than  the  ditches  which  would  have  prevented  it  for  all 
time. 

Ditches  should  be  formed  along  the  bases  of  embankments; 
they  facilitate  the  drainage  of  water  from  the  embankment, 
and  may  prevent  a  costly  slip  and  disintegration  of  the  em- 
bankment. 
/  9S»  Effect  of  sodding  the  slopes,  etc.  Engineers  are  unani- 
mously in  favor  of  rounding  off  the  shoulders  and  toes  of  em- 
bankments and  slopes,  sodding  the  slopes,  paving  the  ditches, 
and  providing  tile  drains  for  subsurface  drainage,  all  to  be  put 
in  during  original  construction.  (See  Fig.  46.)  Some  oif  the 
highest  grade  specifications  call  for  the  removal  of  the  top  la^'er 
of  vegetable  soil  from  cuts  and  from  imder  proposed  fills  to 
some  convenient  place,  from  which  it  may  be  afterwards  spread 
on  the  slopes,  thus  facilitating  the  formation  of  sod  from  gnisd- 
seed.  But  while  engineers  favor  those  measures  and  thirir 
economic  value  may  be  readily  demonstrated,  it  is  genArmDj 
impossible  to  obtain  the  authorization  of  such  specificntioiil  ' 
from  railroad  directors  and  promoters.  The  addition  to  the  || 
original  cost  of  the  roadbed  is  considerable,  but  is  by  no  means 
as  great  as  the  capitalized  value  of  the  extra  cost  of  mainte- 
nance resulting  from  the  usual  practice.     Fig.  46 'is  a  copy  oC  M 

• 
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designn  •  presented  at  a  convention  of  the  Ameiicaa  Society  of 
CSvii  Enginecra  by  Mr.  D.  J.  U'hittcmorc,  Past  President  of 
the  Society  nnd  Chief  Enpinper  of  the  Chi.,  Mil.  &  St.  Paul 


R.  R.    The  "curtomary  sections  "  represent  what  is,  with  some 
vtuifttione  of  detail,  the  praeticfi  of  many  railroads.    The  "  pro- 

•IVaiu.  Am.  Soc.  Civil  Enc.,  Sept.  IBS-I. 
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posed  sections"  elicited  imanimons  approval.     They  should  b^ 
adopted  when  not  prohibited  by  financial  considerations. 

EARTHWORK   SURVEYS. 

# 

^  96.  Relation  of  actual  volume  to  the  numerical  result.  It 
should  be  realized  at  the  outset  that  the  accuracy  of  the  result 
of  computat  ions  of  the  volume  of  any  given  mass  of  earthwork 
has  but  little  relation  to  the  accuracy  of  the  mere  numerioid 
work.  The  process  of  obtaining  the  volume  consists  of  two 
distinct  parts.  In  the  first  place  it  is  assumed  that  the  volume 
of  the  earthwork  may  be  represented  by  a  more  or  less  com- 
plicated geometrical  form,  and  then,  secondly,  the  volume  of 
such  a  geometrical  form  is  computed.  A  desire  for  simplicity 
(or  a  frank  willingness  to  accept  approximate  results)  will  often 
cause  the  cross-section  men  to  assume  that  the  volume  may  be 
represented  by  a  very  simple  geometrical  form  which  is  really 
only  a  ver>'  rough  approximation  to  the  true  volume.  In  such 
a  case,  it  is  only  a  waste  of  time  to  compute  the  volume  with 
minute  numerical  accuracy.  One  of  the  first  lessons  to  be 
learned  is  that  economy  of  time  and  effort  requires  that  the 
accuracy  of  the  numerical  work  should  be  kept  proportional  to 
the  accuracy  of  the  cross-sectioning  work,  and  also  that  the 
accuracy  of  both  should  be  proportional  to  the  use  to  be  made 
of  the  results.  The  subject  is  discussed  further  in  ^  125. 
J  97.  Prismoids.  To  compute  the  volume  of  eiprthwork,  it  19 
necessary  to  assume  that  it  has  some  geometric  form  whose  vol- 
ume is  readily  determinable.  The  general  method  is  to  consider 
the  volume  as  consisting  of  a  series  of  prismoidSf  which  are 
solids  having  parallel  plane  ends  and  bounded  by  surfaces  which 
may  be  formed  by  lines  moving  continuously  along  the  edges  of 
the  t>ases  These  surfaces  may  also  be  considered  as  the  sur- 
faces generated  by  lines  moving  along  the  edges  Joining  the  cop- 
respondipg  points  of  the  bases,  these  edges  being  the  directriooi, 
and  the  lines  being  always  parallel  to  either  base,  which  is  a 
plane  director.  The  surfaces  thus  developed  may  or  may  not 
be  planes.  The  volume  of  such  a  prismoid  is  readily  determin- 
able (as  explained  in  §  108  et  seq.),  while  its  definition  is  so  yea^ 
general  that  it  may  be  applied  to  very  rough  grouAd,  Tbe 
"  two  plane  ends"  are  sections  perpendicular  to  the  axis  of  thD 
road.     The  roadbed  and  side  slopes  (also  plane)  form  three  id 
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the  dde  surfaces.  The  only  approximation  lies  in  the  degree  of 
accuracy  with  which  the  plane  (or  warped)  surfaces  coincide  with 
the  actual  surface  of  the  ground  between  these  two  sections. 
This  accuracy  will  depend  (a)  on  the  number  of  points  which 
are  taken  in  each  cross-section  and  the  accuracy  with  which  the 
lines  joining  these  points  coincide  with  the  actual  cross-sections; 
(b)  on  the  skill  shown  in  selecting  places  for  the  cro8s«sections  so 
that  the  warped  surfaces  shall  coincide  as  nearly  as  possible  with 
the  surface  of  the  ground.  In  fairly  smooth  country,  cross- 
sections  every  100  feet,  placed  at  the  even  stations,  are  suf- 
ficiently accurate,  and  such  a  method  simplifies  the  computations 
greatly  J  but  in  rough  country  cross-sections  must  be  inter- 
polated as  the  surface  demands.  As  will  be  explained  later, 
carelessness  or  lack  of  judgment  in  cross-sectioning  will  introduce 
errors  of  such  magnitude  that  ofl  refinements  in  the  computa- 
tions are  utterly  wasted. 

98.  Cross-sectioning.  The  process  of  cross-sectioning  con- 
sists in  determining  at  any  place  the  intersection  by  a  vertical 
plane  of  the  prism  of  earth  lying  between  the  roadbed,  the  side 
slopes,  and  the  natural  surface.    The  intersection  with  the  road-* 


Fia.  47. 


be4  <ffd  si49  slopes  gives  throe  straight  lines.  The  intersection 
with  th^  natux^  surface  is  in  general  an  irregular  line.  On 
smooth  regular  ground  or  when  approximate  results  are  accept- 
^le  tbi3  ^ipA  \a,  assumed  to  be  straight.    According  to  the  irreg- 
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ularity  of  the  ground  and  the  accuracy  desu'ed  more  and  more 
** intermediate  points"  are  taken. 

The  distance  (d  in  Fig.  47)  of  the  roadbed  below  (or  above) 
the  natural  surface  at  the  center  is  known  or  determined  from 
the  profile  or  by  the  computed  estabHsliment  of  the  grade  line. 
The  distances  out  from  the  center  of  all  "  breaks  "  are  deter- 
mined with  a  tape.  To  determine  the  elevations  for  a  cut,  set 
up  a  level  at  any  convenient  point  so  that  the  line  of  sight  is 
higher  than  anj'-  point  of  the  cross-section,  and  take  a  rod  read- 
ing on  the  center  point.  This  rod  reading  added  to  d  gives  the 
height  of  the  instrument  (H.  I.)  above  the  roadbed.  Sub- 
tracting from  H.  I.  the  rod  reading  at  any  "break"  gives  the 
height  of  that  point  above  the  roadbed  {hi,  hi,  hr,  etc.).  This 
is  true  for  all  cases  in  excavation.  For  fill,  the  rod  reading  at 
center  minus  d  equals  the  H.  I.,  which  may  be  positive  or  nega- 
tive. When  negative,  add  to  the  "H.  I."  the  rod  readings  of 
the  intermediate  points  to  get  their  depths  below  "grade"; 
when  positive,  subtract  the  "  H.  I."  from  the  rod  readings. 

The  heights  or  depths  of  these  intermediate  points  above  or 
below  grade  need  only  be  taken  to  the  nearest  tenth  of  a  foot, 
and  the  distances  out  from  the  center  will  frequently  be  suffi- 
ciently exact  when  taken  to  the  nearest  foot.  The  roughness  of 
the  surface  of  farming  land  or  woodland  generally  renders  use- 
leas  any  attempt  to  compute  the  volume  with  any  greater  accu- 
racy than  these  figures  would  imply  unless  the  form  of  the  ridges 
and  hollows  is  especially  well  defined.  The  position  of  the  slope- 
stake  points  is  considered  in  the  next  section.  Additional  dis- 
cussion regarding  cross-sectioning  is  found  in  §  118. 

99.  Position  of  slope-stakes.  The  slope-stakes  are  set  at  the 
intersection  of  the  required  side  slopes  with  the  natural  surface^ 
which  depends  on  the  center  cut  or  fill  (d).  The  distance  of 
the  slope-stake  from  the  center  for  the  lower  side  is  x—Jb 
4-«(d  +  2/);  for  the  up-hill  side  it  is  x'  =  \h-\-s(d—y^),  s  is  the 
"slope  ratio"  for  the  side  slopes,  the  ratio  of  horizontal  to  ver 
tical.  In  the  above  equation  both  x  and  y  are  unlcnown.  There- 
fore some  position  must  be  found  by  trial  which  will  satisfy  the 
equation.  As  a  preliminary,  the  value  of  a;  for  the  point  a—}6 
+sdf  which  is  the  value  of  x  for  level  cross-sections.  In  the 
case  of  fills  on  sloping  ground  the  value  of  x  on  the  dowfirhiU, 
side  is  greater  than  this;  on  the  up-hill  side  it  is  less.  The  diflSer- 
ence  in  distance  is  8  times  the  difference  of  elevation.    Takl  f 
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numerical  case  corresponding  with  Fig.  48.  The  rod  reading 
on  c  is  2.9;  d=4.2;  thercfoie  the  telescope  is  4.2—2.9  =  1.3 
below  grade.  s  =  1.5  : 1,  6  =  16.  Hence  for  the  point  a  (or  for 
level  ground)  a;  =  iX  16 +  1.5X4.2  =  14.3.  At  a  distance  out 
of  14.3  the  ground  is  seen  to  be  about  3  feet  lower,  which  will 
not  only  require  1.5X3=4.5  more,  but  enough  additional  dis- 
tance so  that  the  added  distance  shall  be  1.5  times  the  additional 
drop.  As  a  first  trial  the  rod  mny  be  held  at  24  feet  out  and  a 
reading  of,  say,  8.3  is  obtained.  8.3  +  1.3=9.6,  the  depth  of 
the  point  below  grade.  The  point  on  the  slope  line  (n)  which 
has  this  depth  below  grade  is  at  a  distance  from  the  center 
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fl;«8  + 1.5X9.6  =22.4.  The  point  on  the  surface  (s)  having 
that  depth  is  24  feet  out.  Therefore  the  true  point  (m)  is 
nearer  the  center.  A  second  trial  at  20.5  feet  out  gives  a  rod 
reading  of,  say,  7.1  or  a  depth  of  8.4  below  grade.  This  corre- 
sponds to  a  distance  out  of  20.6.  Since  the  natural  soil  (espe- 
cially in  farming  lands  or  woods)  is  generally  so  rough  that  a 
difference  of  elevation  of  a  tenth  or  so  may  be  readily  found  I)}'' 
slightly  varying  the  location  of  the  rod  (even  though  the  dis- 
tance from  the  center  is  the  same),  it  is  useless  to  attempt  too 
much  refinement,  and  so  in  a  case  like  the  above  the  combinsr- 
tion  of  8.4  below  grade  and  20.6  out  from  center  may  be  taken 
to  indicate  the  proper  position  of  the  slope-stake.  This  is 
usually  indicated  in  the  form  of  a  fraction,  the  distance  out  being 
the  denominator  and  the  height  above  (or  below)  grade  being 
the  numerator;  the  fact  of  cut  or  fill  may  be  indicated  by  C  or  F» 
Ordinarily  a  second  trial  will  bo  sufficient  to  determine  with 
sufficient  accuracy  the  true  position  of  the  slope-stake.  Ex- 
perienced men  will  frequently  estimate  the  required  distance 


'  it 
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out  to  within  a  few  tenths  at  the  first  trial.  The  left-hand  pages 
of  the  note-book  should  have  the  station  number,  surface  eleva- 
tion, grade  elevation,  center  cut  or  fill,  and  rate  of  grade.  The 
right-hand  pages  should  be  divided  in  the  center  and  show  the 
distances  out  and  heights  aboA^e  grade  of  all  points,  as  is  illus- 
trated in  §  109.  The  notes  should  read  up  the  page,  so  that  when 
looking  ahead  along  the  line  the  figures  are  in  their  proper 
relative  position.  The  "fractions"  farthest  from  the  center 
line  represent  the  slope-stake  points. 

ICO.  Setting  slope-stakes  by  means  of  "  automatic  "  slope- 
stake  rods.  The  equipment  consists  of  a  specially  graduated  tape 
and  a  specially  constructed  rod.  The  tape  may  readily  be  prepared 
by  marking  on  the  hack  side  of  an  ordinary  50-foot  tape  which  is 
graduated  to  feet  and  tenths.  Mark  "0"  at "  J6  "  from  the  tape- 
ring. Then  graduate  from  the  zero  backward,  at  true  scale,  to 
the  ring.  Mark  off  "feet"  and  "tenths"  on  a  scale  proporo 
tionate  to  the  slope  ratio.  For  example,  with  the  usual  slope 
ratio  of  1.5:1  each  "foot"  would  measure  18  inches  and  eabh 
"tenth*'  in  proportion. 

The  rod,  10  feet  long,  is  shod  at  each  end  and  has  an  endless 
tape  passing  within  the  shoes  at  each  end  and  over  pulleys — ^to 
reduce  friction.  The  tape  should  be  graduated  in  feet  and 
tenths,  from  0  to  20  feet — the  0  and  20  coinciding.  By  moving 
the  tape  so  that  0  is  at  the  bottom  of  the  rod — or  (practically) 
iBO  that  the  1-foot  mark  on  the  tape  is  one  foot  above  the  bottom 
of  the  shoe,  an  index  mark  may  be  placed  on  the  back  of  the 
rod  (say  at  15 — on  the  tape)  and  this  readily  indicates  when  the 
tape  is  "set  at  zero." 

The  method  of  use  may  best  be  explained  from  the  figure  and 
from  the  explicit  rules  as  stated.  The  proof  is  given  for  two 
assumed  positions  of  the  level. 

(1)  Set  up  the  level  so  that  it  is  higher  than  the  "center" 
and  (if  possible)  higher  than  both  slope-stakes,  but  not  more 
than  a  rod-length  higher.  On  very  steep  giound  this  may  be 
impossible  and  each  slope-stake  must  be  set  by  separate  positions 
of  the  level. 

(2)  Set  the  rod-tape  at  zero  (i.e.,  so  that  the  15-foot  maik 
on  the  hack  is  at  the  index  mark). 

(3)  Hold  the  rod  at  the  center-stake  (B)  and  note  the  read- 
ing (rii  or  n-).  Consider  n  to  be  always  plus;  consider  d  to  be 
plus  for  cut  and  minus  for  fill. 
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(4)  ^tMthetapeontbe/aceBideof  therod(«-)-d)/  AppUed 
literally  (and  algebraically),  when  the  level  is  beioiv  the  roadbed 
(only  posaible  for  fill),  (n  +  d).=  (n,  +  (~rf/))-n,-d,.  This  being 
Bumerically  negative,  the  tape  ia  lou-erfd  (d/— n,).  With  level 
at  (1),  for  fill,  (n  +  d)-(n,  +  (-(i/))=(Bi-ii,);tlus being  positive, 
the  tape  ia  raieed.  With  level  at  (1),  for  cut,  the  tape  ia  raised 
(n,  -t-  dc) .  In  every  case  the  effect  Is  the  same  m  if  the  tekacope 
were  set  at  the  elevation  of  the  roadbed. 


(5)  With  the  special  distance-tape,  so  hdd  that  ita  aero  ia  ib 
from  the  center,  carry  the  rod  out  uutil  the  lod  reading  equals 
the  reading  indicated  by  the  tape.  Since  in  cut  the  tape  is 
nised  in  +  ^,  the  lero  of  the  rod-tape  ia  alwaya  hi^ier  than  the 
level  (unless  the  rod  is  held  at  or  below  the  elevatiom  of  the  road- 
bed — whi«h  is  only  possible  on  ude-hill  wcH'k),  and  the  reading 
at  either  alope.«take  ta  neceasarily  ruyalivt.  The  reading  for 
slope-stakes  in  fill  is  aJwaya  positive. 

(8)  Record  tfae  rod-tape  reading  as  the  numerator  of  a.  frac- 
tion and  the  miual  distance  out  (read  directly  from  the  other 
side  of  the  dist^ce-tape)  as  the  denominator  of  the  fraction. 

Proof.  TilL  ienet  at  (i).  Tape  is  raised  (n,-(i/).  When 
rod  ig  held  at  C/,  the  rod  reading  is  +1,  which  "r/i— (ti,— rf/). 
But  the  reading  on  the  back  side  of  the  distance-tape  is  also  z. 

FilL  Level  at  (a).  Tape  is  raised  ("j— <f/),  ie.,  it  is  lowered 
{df—n^.  When  rod  is  held  at  C/,  the  rod  reading  is  +x,  whicb 
similady  —  r/j— (nj— <f/)  —  r/,  +  id/—n^.     Distance-tape  as  bfr. 
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Cut  Level  at  (i).  Tape  is  raised  (ni+dc)-  "When  rod  is 
held  at  Cc  the  rod  reading  is— z,  which  =  rci—(ni+dc),  i.e., 
« ==  (rij  4-  dc)  —  Tci.     The  distance-tape  will  read  z. 

Side-hill  work.  It  is  easily  demonstrated  that  the  method, 
when  followed  literally,  may  be  applied  to  side-hill  work,  al- 
though there  is  considerable  chance  for  confusion  and  error, 
when,  as  is  usual,  J6  and  the  slope  ratio  are  different  for  cut  and 
for  fill. 

The  method  appears  complicated  at  first,  but  it  becomes 
mechanical  and  a  time-saver  when  thoroughly  learned.  The 
advantages  are  especially  great  when  the  ground  is  fairly  level 
transversely,  but  decrease  when  the  difference  of  elevation 
of  the  center  and  the  slope-stake  is  more  than  the  rod  length. 
By  setting  the  rod-tape  *  *  at  zero,"  the  rod  may  always  be  used 
as  an  ordinary  level  rod  and  the  regular  method  adopted,  as  in 
§  99.  Many  engineers  who  have  thoroughly  tested  these  rods 
are  enthusiastic  in  their  praise  as  a  time-saver. 

COMPUTATION   OF   VOLUME 

§  loi.  Simple  approximations.  The  principles  developed  in 
96  and  97  show  that,  except  where  the  ground  is  abnormally 
smooth  and  level,  the  earthwork  to  be  excavated  has  a  geometrical 
form  whose  volume  cannot  be  accurately  computed  by  any  simple 
rule.  The  usual  method  is  to  consider  that  the  volume  is  approx- 
imately measured  by  the  product  of  the  mean  of  the  areas  <rf 
two  consecutive  sections  and  the  distance  between  those  sec- 
tions. When  the  ground  is  so  regular  that  the  error  of  such 
an  approximation  may  be  tolerated,  or  when  only  a  rough  apprax** 
imation  is  necessary,  such  a  computation  may  be  accepted 
without  correction.  In  any  case,  the  "  volume  by  averaging 
end  areas  "  is  computed  as  a  first  approximation  and  then 
correction  is  computed  if  desired.  It  should,  therefore,  be 
remembered  that  this  approximate  method,  which  is  so  common 
that  it  is  often  accepted  without  correction  as  the  true  volume, 
is  never  mathematically  correct  except  under  conditions  which 
practically  never  exist.  Whether  a  correction  should  be  com- 
puted depends  on  the  percentage  of  accuracy  required,  on  the 
irregularity  of  the  ground,  and  on  the  differences  in  the  depth 
of  adjacent  center  cuts — or  fills.  Experience  gives  the  engineer 
such  an  idea  of  the  probable  amount  of  this  correction  undler 
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any  given  conditions  that  he  may  judge  when  it  is  necessary  to 
compute  the  correction  in  order  to  obtain  the  true  volume  with 
any  desired  degree  of  accuracy.  The  methods  of  computing 
this  correction  will  be  given  later. 

102.  Approximate  volume,  level  sections.    When  the  coun- 
try is  very  level  or  when  only  approximate  preliminary  results 


Fig.  5o. 

are  required,  it  is  sometimes  assumed  that  the  cross-sections  are 
level.     The  area  of  the  cross-section  may  be  written 


a6 
(a+d)'s-j. 


(46) 


in  which  a,  h  and  d  are  dimensions  as  indicated  by  the  figure  and 
8  is  the  **  tilope  ratio ''  or  the  ratio  of  the  horizontal  projection 
of  the  slope  to  the  vertical.  A  table  is  very  readily  formed 
giving  the  area  in  square  feet  of  a  section  of  given  depth  and  for 
any  given  width  of  roadbed  and  ratio  of  side  slopes.  Usually 
these  tables  give  a  number  which  equals  that  area  times  100  and 
divided  by  27,  which  is  the  volume  in  cubic  yards  of  a  prism  100 
feet  long  and  with  that  cross-sectional  area.  Table  XVII  is 
such  a  table. 

The  volume  may  also  be  readily  determined  (as  illustrated  in 
the  foUowing  example),  without  the  use  of  such  a  table;  a  table 
of  squares  will  facilitate  the  work^  Assuming  the  cross-sections 
at  equal  distances  {—I)  apart,  the  total  approximate  volume  for 
any  distance  will  be 


.-[Ao+2(Ai+il2+  .  ..An-i)-^An]. 


(47) 


103.  Numerical  example:  level  sections.    Given  the  following   ^ 
center  heights  for  the  same  number  of  consecutive  stations  100 
feet  apart;  width  of  roadbed  18  feet;  slope  1}  to  1. 
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Thfe  t5it)dacts  m  the  fifth  colunin  ihay  be  obtained  very 
^tidily  And  with  sufifidieht  ftcciiracy  by  the  use  of  the  slide-rule 
described  iii   §  106.    The    products    should  be  considered  as 

(o-fd)(a+d)-i--.     In  this  problem  s  =  lj,  -  =  .6667.    To  apply 
^  s  . 

the  rUl6  to  the  fitBt  casfe  above,  plaCe  6667  oh  scale  B  ov^Sr  89 

on  scale  A,  then  opposite  89  on  scale  B  will  be  found  118.8  on 

scale  A .     The  position  of  the  decimal  point  will  be  evident  from 

an  approximate  mental  solution  of  the  problem. 


Sta. 

Center 
Height. 

a+i 

(a+d)^ 

(d+d)2« 

Areas. 

17 

2.9 

8.9 

79.21 

118.81 

118.81 

18 

4.7 

10.7 

114.49 

171.741 

[343.48 

19 
20 

6.8 
11.7 

12.8 
17.7 

163.84 
313.29 

245.76 
469.93 

* 

X2  = 

491 . 52 
939.86 

21 

4.2 

10.2 

104.04 

156.06 

312.12 

22 

1.6 

7.6 

57.76 

86.64 

86.64 

ab     6X18 


=54 


1752.43X100 
2'X2? 


2292.43 
10X54=   540 

1752.43 
=3245  cub.  yards  =approz.  vol. 


t04.  £quiVldltot  i^iictidii^.    When  8e(;tions  ai>e  v^ry  ih-einilai' 
ttie  foUbwihg  tiieihod  may  be  used,  fespecially  if  great  accilracy 


Fia.  51. — Equivalent  Section. 


is  not  required.  The  sections  are  plotted  to  scale  and  then  a 
Ulilfohn  slot^e  liiie  is  obtained  by  stretching  a  thi*ead  so  that  the 
Uhdulatidns  are  averaged  and  an  equivalent  section  is  obtainec^ 
Measure  the  distiifaces  {xi  and  av)  from  the  ceiiter.    The 
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may  then  be  obtained  independent  of  the  centet  depth  as  follows: 
Let  ff=the  slope  ratio  of  the  side  slopes  =  cot  fi=~'  (See  Fig. 
51.)'    Then  the 

l/xi  +  Xr\.      ,       .      XrXr      XtXi     ah 

Area=-( j  fe+Xr) — zi:"'^'^ 


s  2     8  2     2 


xiXf    db 
'  ~2' 


8 


(48) 


Theiae  approxiniate  methods  ai*e  particularly  Useful  for  rapidly 
making  up  monthly  estimates,  realizing  that  the  inaccuracies, 
pluiS  ahd  ininus,  will  be  wiped  out  when  the  final  cohiputation 
is  niade  by  a  mote  accurate  method. 

Ids.  T^ee-level  sisctioils.     The  next  method  of  cross-section- 
ing in  the  order  of  complexity,  and  therefore  in  the  otdQt  of 


Fia.  62. 


accuracy^  is  the  method  of  three-level  sections.    The  area  of 

ah 
the   section  is   l(a+d)(t^r+w^i)— ^,   which   may   be    written 

nh 

§(a-f-d)M'— r-,  In  which  w  =  Wf-\-wi.    If  the  volume  is    com- 
puted  by  averagihg  end  areas,  it  will  equal 


h{a^-d')w'  -ah^-{a-^d")w"  -ah] (49) 
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If  we  divide  by  27  to  reduce  to  cubic  yards,  we  have,  when 
1=100 

Vol  (/ . . . ,,)  =|4(a+d')t^'-M«&+M(a+d")«?"-M<»^. 

For  the  next  section 

Vol  (.. . . ,//)  »:f4.(a+d"V-M«t+f|(a+d'")M^"-f^. 

For  a  partial  station  length  compute  as  usual  and  multiply 

,   ,     length  in  feet 

result  by . 

^         100 

The  following  example  is  given  to  illustrate  the  method  of 

three-level  sections. 

In  the  first  column  of  yards 

2lO=ff^(a-|-d)u;=|4X7.3X31.1; 

607,  734,  etc.,  are  found  similarly; 

595=210-61+507-61; 

448=^(507-61+734-61); 

602=3^(734-61+392-61); 

449=392-61+179-61. 

The  "  F ''  in  the  columns  of  center  heights,  as  well  as  the 

columns  of  "  right  "  and  "  left  "  are  inserted  to  indicate  fill  for 

all  those  points.    Cut  would  be  indicated  by  ''  C' 

25 
zo6.  Computation    of    products*    The   quantities  —{(i+d)w 

25 
and  rzo^  represent  in  each  case  the  product  of  two  variable 

terms  and  a  constant.  These  products  are  sometimes  obtained 
from  tables  which  are  calculated  for  all  ordinary  ranges  of  the 
variable  terms  as  arguments.     A  similar  table  computed  for 

— (d'— d")(w"— lo')    will    assist    similarly    in    computing    the 

prismoidal  correction,  see  §  114.  Prof.  Charles  L.  Crandall,  of 
Cornell  University,  is  believed  to  be  the  first  to  prepare  such  a  set 
of  tables,  wliich  were  first  published  in  1886  "  Tables  for  the 
Computation  of  Railway  and  Other  Earthwork.' '  Another 
easy  method  of  obtaining  these  products  is  by  the  use  of  a  slide- 
rule.  Any  slide-rule,  from  which  may  be  read  directly  three 
significant  figures  and  from  which  the  fourth  may  be  read  by 
estimaticm,  can  be  utilized  for  this  purpose.    The  Thacher  or 
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the  Stanley  cylindrical  rules  are  stiU  more  accurate.    To  illuah 
trate  its  use,  suppose  (a+d)  ==28.2,  and  it; =62.4;  then 

25,        ,,        28.2X62.4 

— (a-t-a)w  = . 

27  1.08 

Set  108  (which,  being  a  constant  of  frequent  use,  may  be  specially 
marked)  on  the  sliding  scale  (B)  opposite  282  on  the  other  scale 
{A)t  and  then  opposite  624  on  scale  B  will  be  found  1621^  on 
scale  A,  the  162  being  read  directly  and  the  9  read  by  estima- 
tion. Although  strict  rules  may  be  followed  for  pointing  off 
the  final  result,  it  only  requires  a  very  simple  mental  calpulsytion 
to  know  that  the  result  must  be  1629  rather  than  162.9  or 
16290.  For  products  less  than  1000  cubic  yards  the  resplt 
may  be  read  directly  from  the  scale;  for  products  between  1000 
and  5000  the  result  may  be  read  directly  to  the  nearest  10 
yards,  and  the  tenth^  of  a  division  estimated,  between  5000  and 
10,000  yards  the  result  may  be  read  directly  to  the  nearest  20 
yards,  and  the  fraction  estimated;  but  prisms  of  such  volume 
will  never  be  found  as  simple  triangular  prisms — at  least,  an 
assumption  that  any  mass  of  ground  was  as  regular  as  this  would 
probably  involve  more  error  than  would  occur  from  faulty  esti- 
mattion  of  fractional  parts.  Facihties  for  reading  asi  high  as 
^Oj,000  cubic  yards  ^ould  |io.t  have  been  put  on  the  scale  e^^pfept 
for  the  necessity  of  Ending  such  products  as  1^^(9.1  X^}i.  ^% 
example.  This  product  would  be  read  off  from  the  same  part 
of  the  rule  as  f4^(91  X95).  In  the  fir6t  case  the  produel  (80.0) 
could  be  read  directly  to  the  nearest  .2  of  a  cubic  yard,  nrhich 
iSk  unnecessarily  accurate.  In  the  other  ca^e^  the  prodmo^ 
(8004)  could  only  be  obtained  by  estimating  ^  of  a  division. 

The  computation  for  the  prismoidal  correction  (see  J  114\ 
may  be  made  similarly  except  that  the  divisor  is  3.24  insl^ead  6P 

5  5X11  7 

1.08.     For  example,  f  J(5.5X11.7)  =  ^ '-     Set  the  324  qfi 

u.^4 

scale  B  (also  specially  marked  Hke  108)  opposite  55  on  scale  A,' 

and  proceed  as  before.  "' 

Z07.  Approximate    volume.    Irregular    sections.    In    cwwB' 

sectioning  irregular  sections,  the  distance  from  the  center  and 

the  elevation  above  "  grade  "  of  every  "  break  *'  in  the  «rofl»- 

section  must  be  observed.     The  area  of  the  irregular  seetiMi 

may  be  obtained  by  computing  the  area  of  the  trapezoids   (jfcij 

in  Fig.  53)  and  subtracting  the  two  external  triangles.    F6r  9%. 

53  the  area  would  be 


1 
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Expanding  this  and  collecting  terms,  ^  whlqh  ED3liy  wfll 
caxioel^  WQ  ob^da 


Abba— 2    ^iki+yiid—hi)  -\-xrkr+yr(jr—hr) 


(W) 


An  examination  of  this  fonnula  will  show  a  perfect  regii- 
larity  in  Ms  formation  which  will  enable  one  to  write  out  n 
similar  formulfi  for  any  section,  no  matter  how  irregular  or  how 
many  points  there  are,  without  any  of  the  preliminary  work. 
The  formula  may  be  expressed  in  words  as  follows: 

Area,  e^uo^s  an^hcdf  the  sum  of  products  obtair^  as  JoUrnvs: 

th&  distance  to  each  slope-stake  times  the  height  above  grade  of 
the  poirU  next  in8^  the  shype^siake; 

the  dManee  to  each  intermedicUe  point  in  turn  times  the  height  of 
the  poMfait  inside  minus  the  height  of  the  point  just  outside; 

fifUM^,  sm^ha^  ^  vfidth  of  the  roadbed  times  the  sum  of  the 
sUype-^Uxhs  heights. 
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If  one  of  the  sides  is  perfectly  regular  from  center  to  slope- 
stake,  it  is  easy  to  show  that  the  rule  holds  literally  good.  The 
*'  point  next  inside  the  slope-stake  "  in  this  case  is  the  center; 
the  intermediate  terms  for  that  side  vanish.  The  last  term 
must  always  be  used.  The  rule  holds  good  for  three-level  sec- 
tions, in  which  case  there  are  three  terms,  which  may  be  reduced 
to  two.  Since  these  two  terms  are  both  variable  quantities  for 
each  cross-section,  the  special  method,  given  in  §  105,  in  which 
one  term  (iah)  is  a  constant  for  all  sections,  is  preferable  for 
three-level  sections.  In  the  general  method,  each  intermediate 
"  break  "  adds  another  term. 

1 08.  Volume  of  an  irregular  prismoid.  This  is  obtained  by 
computing  first  the  approximate  volume  by  "  averaging  end 
areas  "  or  by  multiplying  the  length  by  the  half  sum  of  the  end 
areas,  as  computed  from  Eq.  (50).    In  other  words,  the  Approx. 

volume  =  ——X-   (area' + area")*    B^t  since  each  area  equals 

one-half  the  sum  of  products  of  width  times  height  (see  Eq.  (50)) 

we  may  say  that 

25  . 

Approx.  volume  =  —  (sunmiation  of  toidth  times  height)     .     (51) 

^i 

the  terms  of  width  times  height  being  like  those  found  within 

the  bracket  of  Eq.  (50). 

As  before,  for  partial  station  lengths,  multiply  the  result  by 

Oength  in  feet -r- 100).    There  will  be  no  constant  subtractive 

term,  --  a6,  as  in  ^  105. 

109.  Numerical   example;    approximate   volume;    irregnltr 
sections.    Assume  the  earthwork  notes  as  given  below  where 
the  roadbed  is  18  feet  wide  in  cut  and  the  slope  is  1 J  to  1.    Note 
that  the  stations  read  up  the  page  and  that  when  the  surveyat^i 
is  looking  ahead  along  the  line  the  several  combinations  of  hei^ifiU:^^ 
and  distances  out  have  approximately  the  same  relative  poflitioii  . 
on  the  notebook  as  they  have  on  the  ground.    For  exaogiple,,- 

8.9c 

beginning  at  the  bottom  line  (Sta.  16),  the  combination  — - 

means  that  the  extreme  left-hand  point  of  that  section  (the.. 
**  slope-stake  ")  is  22.4  feet  horizontally  from  the  center  and  that 
it  is  8.9  feet  above  the  required  roadbed.    The  cut  (c)  would  h$ 
8.9  feet  to  reach  the  roadbed,  but  of  course  the  actual  cutting  !■ 
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zero  at  the  slope  stake.  The  next  point  h  12.0  feet  horizontally 
from  the  center  and  7.6  feet  above  the  road)  »ed.  The  cut  at 
the  center  is  6.8  feet.  The  combinations  of  dimensions  on  the 
right-hand  side  are  to  be  interpreted  similarly. 


Sta. 

(cut 
Center -<  or 
(fiU. 

Left. 

Right. 

19 

0.6e 

8.6c 
14.4 

0.1c            0.4c 
4.2              9.6 

is 

2.36 

4.2c 
15.3 

6.8c 
8.4 

3.2c 
6.2 

1.2c 
10.8 

17 

7.6o 

8.2c 
21.3 

10.2c 
17.4 

8.0c 
6.1 

4.2c 
15.3 

+42 

10.2c 

12. 2c 
27.3 

12  6c 

8.2 

6.2c           8.4c 
7.5            21.6 

16 

6.8c 

8.9c 
22.4 

7.6c 
12.0 

3.2c           2.6c 
4.1            12.9 

The  nmnerical  computation  is  greatly  facilitated  by  a  sys- 
tematic form  as  given  below.  For  Sta.  16,  the  .first  term  is 
"the  distance  to  the  left  slope  stake"  (22.4)  times  "the  height 
above  grade  of  the  point  next  inside"  (the  height  being  7.6), 
and  we  place  this  pair  of  figures  in  the  columns  of  "width" 
and  "height."  The  "distance  to  the  point  next  inside"  is 
12.0  and  the  "height  of  the  point  just  inside  (6.8)  minus  the 

height  of  the  point  just  outside"  (8.9)  equals  (—2.1)  and  these 

25 
are  the  next  pair  of  widths  and  heights.    Taking  ^  of  the 

product  of  each  pair  of  numbers  we  have  the  numbers  in.  the 
first  column  of  "yards."    The  sum  of  all  these  numbers  in  the 

42 
first  and  second  groups  multiplied  by  j^  (that  section  being 

only  42  feel  long)  equals  378  cubic  yards,  the  volume  by  averag- 
ing end  areas.  The  determination  of  center  heights  and  total 
widths  apd  the  appUcation  of  Eq.  (54),  to  obtain  the  approxi- 
mate prismoidal  correction  (see  §  114),  is  self-evident. 

no.  Pdmoidal  correction.  The  foregoing  methods  of  cal- 
culation haTe  been  called  approximate,  although  under  many 
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1437  cobio  rwr^ 

?ciiiii"::«:c<  5Coh  r^^:#  arv  .vn;<idered  :o  N?  sufficieiit^  aecunte 
:-:  fer.e  is  ±:ju  In  dir.v  .-.k?*?  the  jirciv.xiinAte  lesuh  is  fint 
^cip.-t^d  iii'i  :h«?ci  the  '  rr;5:!:oidiI  .vrrwtion  "  b  compiited 
I  ae-.-ewar^-  TS?  r.!Arheina::oad  v.ev\?»ity  fnr  a  concctioB  mil^ 
b«»  i:  -ii'-'e  i^rrwLirjx:  froti:  the  sX*i:;s:dera::cc  liukt  the  Tvluine 

M  'z^  -•enx^ii  :.z:es  :h?»  iv^rra^  .*£  :r:e  et:d  jr«:i$  but  is  usuaDy 
3CE»^iit  'wf.  Iri  AS  exrrvitre  .-atse  the  x^rrwckm  is  one-thild 
•zi  dse  ±pcr:x--r^.Am  \yii'2iK\  or  oiie-hdu:  ,*£  :he  tr^e  TohnM..  I3hl 
iict:u3:  Of  tih!  pr.!»uoiuaI  .vrrve:iv?u  for  a  tnan^uiar  prina  vA 
'le  ±7*c  iewmisied  i.Tti  irczn  that  th«>  v.x*mx-tBoa  for  any  kaid  of 

Ler  Tit,  54  rvpn^sec:  j  rr.ar*c'-:Iair  vnsnx'id.  Tbe  two  tfi- 
»ny't*<  ''.r^  -» j-  *.iitf  ezios  Le  ii:  m.*^.*:.'.:'  via:ie!!^  but  suice  tha  Vl^ 
-f  :ck  iTLizzle  ir^  ::•.:  ^<;-jI  i^*  ihc  .vrrc^^vzidiz^  :in^e8  of  Ills 
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ier  trianglb)  at.  least  two  of  the  Burfades  must  be  ivafped,    IJT 
lectioii,  parallel  to  the  bades,  is  made  at  any  point  at  a  dis^ 
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ce  X  from  one  end,  the  area  of  the  section  Will  evidently  be 

il:r=iWij  =  J   6i+(62-6i)y      /ii  +  (/i2-Ai)y  I 

3  volume  of  a  section  of  infinitesimal  length  will  be  A^dx^ 
I  the  total  volume  of  the  prismoid  will  be  * 

4xda;  =  jj^[6i+(&2-6i)y]  [^i  +  (/i2-/i,)|]cia; 
=  J   hihix-\'(b2-hi)hi^+bi{?ii-hi)^^ 


=|tJMi+iM2+JMi+JM2] 
^^Iihih+ibi(hi+h2)+hb2ihi+h)+ih2h2] 

=l]Ai+iA^+A,] (62) 

Students  unfamiliar  with  the  Integral  Calculus  may  take  for  granted  the 

lamental  formula  that  j  dx—x,  that  j  xdx=\x\  and  that  I  x*dx=\x^\ 

thui  in  intl^gtatiiig  between  the  limits  of  I  and  0  (zero),  the  value 
ihe  iilteiral  mAy  bfe  found  by  simply  substituting  I  for  x  after 
gration. 


1^>  B.\r[.&>AD  o>V5TKr*mox-  { 111. 


rr  -wij.'i  A..  .* ..  ac-i  .4»  *w  ib^  irfas  Tcsspe^mcisr  of  the  two 

:afe««;<  iZfi  :c  zhi  ziibiJi  <e>f{iir:c     Njie  isAZ  .!«  k  m<  the  Meoii 
:c  -I.  iz}i  .li.  ihi:*j;ci :":  i.e?  =»;■-  zifi.'esHfcriJT  icSer  very  greatly 

•■^-fvr     -  — 

ma        '  -  1> 

T!r«;  iS.-Ttt  rr.-i.-c  2<  i^istrcrrc^r  izi5fc«:»5Hi?  oc  the  TahiM,  ab» 
5ci.\:':<;  :c  rvui;:-.>f.  :c  >_  "v  t.  :r  r^  F;r  ■f'vfcnple,  A,  may  be 
Kr:  jLi-i  •.!:»?  ftc.-ci  "rjA-  rftii-.'^-s  :■:  ^  b=f*  aoi  "ih*-  pnanoid  be- 
-•«:cj:*  wfiurf-siiicvc  :c  ':-.  izfi  \  zLLy  r«:s:i  Tsaii,  the  second 
biksf  ""t^f-i — .c  ^  r»:^:  ic-i  :^  rr.2?CLj:iii  r«c"affi»  to  a  pyiamid. 
5L:*.Hf  i'-^cy  7r,si:?:Lii  i^  ifiiei  Ji  j  i-T  zu-j  be  lediieed  to  a 
cjcicuiii::'.-!!  :£  :r;ir;r:lir  TTvsii'.uis.  vfririSw  sai  pTramida^  and 
sjii.-^  -itf  :  :r:r:ili  is;  "irjf  ::r  iz~  :c»f  :£  -bfci  fsdiTidiiallr.  it  iB 

'^*"iii*i  ■-.  -s  iI"%'iSL  y«.-»s?i::..rf  ';  .-"CTii-tf  ^ie  TJiixaut  of  any 
Tf"sc;»;ic  .'"  "j?i^  iTrc''^  T-*»f  i'-ii.  ~~  rifv-'fraf*  iz.  ^x^reuaeli  eonipli* 
*a:  :'i  i--:«i  ■:?•;!:  i.i^  ."wnTi.-c  *:  .-.'crnTe  "i*  zrx  Talue  of  thB 
ziiO^ii  *•-■■  .Ml  .  -.'.:ti  i^'L  *•,"•.■;&*  ijv  .-:c-7Cjcaaed  m  fonii.  It 
:  :i»: t*:  ■. .- f^f  : •:•,■•; r:.  if <  i  <;..-•  viif r  : r>  -ra : . > ."c  tv:  f!:ir:riJCe  t'uiumes  by 

:i:.  Cxr^Ksmx  ?^  r^aayr  or  jrsaixauL    T!re  Tcfanie  of  the 

: r lizri'^iiLT  y rj**:. •.iij:    V x  >«     :v* iv.  v •* " ;;• :  :  '  i T^rncasc ***^^  areas. is 


■^    ■■.■>:.  .       .....    (53) 


xJiC  '   '  v,v>  --.Vis*  :-    ^-  *_»    »   »os-44/u  i  xt!ucab.  as  viD  be 
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jrramid,  then  bi  and  ^i  each  equal  zero  and  the  correction 
to 

I  Uhhf 

3  volume  of  a  triangular  prismoid  is  one-third  of  the  alti- 
nes  the  area  of  the  base  or  iHihzht)  =  iUnh-  The  approx- 
'olume,  by  averaging  end  areas,  applying  the  rule  strictly, 
2^2+0)  =  JK>2^.  The  correction  is  therefore  one-third  of 
)roximate  volume,  or  one-half  of  the  true  volume,  in  this 
3  case.  Therefore,  when  computing  the  volume  of  ter- 
►yramids  and  wedges  (see  §  89  and  Fig.  43),  by  the- method 
aging  end  areas,  it  must  be  remembered  that,  although 
ss  volume  is  comparatively  small,  the  prismoidal  correc- 
relatively  very  large. 

Correction  for  level  sections.  Absolutely  level  sections 
ctically  unknown,  and  the  error  involved  in  assuming  any 
ections  as  truly  level  will  ordinarily  be  greater  than  the 
«d  correction.  If  greater  accuracy  is  required,  more 
should  be  obtained  in  the  cross-sectioning,  which  will 
ly  show  that  the  sections  are  not  truly  level.  But  it 
easily  computed  that  the  correction  equals 

I  h 
iz  a 

uares  of  the  differences  of  center  depth  of  consecutive 
3  are  always  positive,  regardless  of  whether  the  differences 
sitive  or  negative.  Therefore  the  correction  is  always 
e,  showing  that  the  method  of  averaging  end  areas,  when 
:ions  are  level,  always  gives  too  large  results. 
Prismoidal  correction  for  "  equivalent  sections."  It  is 
le  although  tedious  problem  in  mathematics  to  compute 
ically  the  true  and  approximate  volumes  of  a  prismoid 
ihe  areas  are  determined  on  the  basis  of  "  equivalent 
3,"  §  104,  and  from  thence  to  derive  a  formula  for  the 
dal  correction,  but  it  is  generally  true  that  the  errors 
such  an  approximate  method  of  getting  the  area  are  so 
lat  it  is  a  needless  refinement  to  compute  the  correction. 
Prismoidal  correction  for  three-level  sections.  The 
dal  correction  may  be  obtained  by  applying  Eq.  53  to 
le  in  turn.    For  the  left  side  we  have 
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•i^I(a+(i')-(a+rf")]W-w>i'),  which  equals 

For  the  right  side  we  hi^ve,  sitaihu°ly, 

■^(.d'-d")iWr"-Wr'). 

The  total  correction  therefore  equals 

-^(d'  -d")l(w,"-^Wr")  -  {W,'+Wr')] 

Reduced  to  cubic  yards,  and  with  I  =  100, 

Pris.Corr.  =  |i(d'-d")(t^"-t^').  ...  (54) 
Applying  this  formula  to  the  numerical  problem  worked  out  in 
%  105,  the  several  values  of  {d' —d")  and  w" —w')  are  computed 
as  given  in  the  first  two  columns  under  Prismoidal  Correction. 
Xheu„  for  example, 

-20=|f(d'-d'0(w>"-w'')=ff(2-G-8.1)(42.8— 31.1) 

-ff(-5.5)(+11.7). 

For  the  next  line,  -a=^^[|f(-2.6)(+8.7)],  and  similarly 
for  the  rest.  For  this  typical  case,  the  correction  is  over  2 %  of  the 
volume  an4  y^,  a@  usual,  negative,  or  in  other  words,  the  apprcni* 
imftte  soethod,  if  used  without  correction,  allows  a  coutractof 
\fX  this  case  2%  too  much. 

115.  Prismoidal  correction;  irregular  sections.  For  reaaoi^ 
given  in  the  next  article,  the  correction  is  computed  as  if  H^ 
sections  were  "  three-level "  sections.  This  method  was  used 
j^  the  numerical  problem  worked  out  in  §  109.  Instead  of  cohi* 
aidering  the  heights  and  widths  of  the  separate  triangles,  \^ 
center  height  and  tot^al  width  for  each  section  is  recorded  in  twp 
^lumns  ajad  the  differences  {d'—d")  and  (\v" —m')  are  computatl 
(~3.4)X(+13.6)-T-3.24=-14,  which  would  be  the  correctkB^ 
for  a  section  100  feet  long.  For  42  feet  the  correction  is  42% 
of  —14  or  —6.  Note  that  the  total  prismoidal  correctioii  foi 
^hi^  stretch  of  300  feet  is  negative,  as  is  usual,  and  that  it  is  s 
less  than  2%,  abcut  the  same  as  the  numerical  problem;  of 
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116.  Magnitude  of  ike  probable  error  of  diis  mediod.  In 
previous  editions  of  this  work,  methods  were  given  for  com- 
puting the  mathematically  exact  volume  of  a  prismoid  whoec 
ends  coincide  with  the  "  irregular  sections  '*  as  measured,  and 
whose  upper  surfaces  are  assumed  to  coincide  with  the  actual 
surface  of  the  ground.  As  in  the  previous  methods,  the  *' ap- 
proximate volume"  is  computed  by  a\'eraging  end  areas  and 
then  a  correction  is  applied.  If  the  end  sections  have  the  same 
number  of  intermediate  points  on  each  side,  and  if  it  can  be  as- 
sumed that  the  corresponding  lines  in  each  section  are  connected 
by  plane  or  warped  surfaces,  which  coincide  with  the  surface  of 
the  ground,  then  the  mathematically  exact  or  "true"  correc- 
tion may  be  obtained  by  dividing  the  volume  into  elementary 
triangular  prismoids^  finding  the  correction  for  each  and  adding 
the  results.  Although  such  a  method  appears  \'ery  complicated, 
it  is  readily  possible  to  develop  a  law  by  means  of  which  the 
true  prismoidal  correction  may  be  written  out  (similarly  to 
writing  out  the  formula  for  the  area,  Kq.  (50))  without  any 
preliminary  calculation.  Such  a  law  has  a  mathematical 
fascination,  but  it  should  be  remembered  that  when  the  ground 
surface  is  so  lMt)ken  up  that  the  cross-ficctions  are  'irregular" 
it  is  in  general  correspondingly  rough  and  irregular  between 
the  cross-sections,  especially  when  those  sections  are  100  feet 
apart.  It  is  also  true  that  the  cross-sections  do  not  usually 
have  the  same  number  of  intermediate  points  on  corresponding 
sides  of  the  center.  In  such  a  case,  imlcss  the  actual  form  of 
the  ground  between  the  cross -sections  is  observed  and  measured, 
the  exact  method  cannot  be  used.  An  extra  point  in  one  cross- 
section  implies  an  extra  ridge  (or  hollow)  which  "  runs  out  *' 
or  disappears  by  the  time  the  adjoining  section  is  reached. 
Theoretically  a  cross-section  should  be  taken  at  the  point  where 
such  a  ridge  or  hollow  runs  out.  In  general  this  point  will  not 
be  at  an  even  100-foot  station.  The  attempt  to  compute  the 
exact  prismoidal  correction  usually  gives  merely  a  false  appear- 
ance of  extreme  accuracy  to  the  work  which  is  not  justified 
by  the  nesuits.  It  should  not  l)e  forgotten  that  it  is  readily 
possible  to  spend  an  amount  of  time  on  the  surveying  and 
computing  which  is  worth  more  than  the  few  cubic  yards  of 
earth  which  represents  the  additional  accuracy  of  the  more 
preciBe  method.  The  accuracy  of  the  office  computation  should 
be  kept  proportionate  to  the  accuracy  of  the  cross-sectioning 
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in  the  field.  The  discussion  of  the  magnitude  of  the  prismoid 
correction  in  §§  110-115  shows  that  it  is  small  except  when  t! 
two  ends  of  the  prismoid  are  very  dissimilar.  The  dissimilari 
between  the  two  ends  of  a  prismoid  vvould  be  substantially  t. 
same  whether  the  ends  were  actually  "irregular"  or  had  "thn 
level"  sections,  which  for  each  end  had  the  same  slope  st^ 
and  center  heights  as  the  irregular  sections.  Experience  proi 
that  the  approximate  prismoidal  correction,  computed 
considering  the  ground  as  three-level,  is  so  nearly  equal  to  t 
true  prismoidal  correction  that  the  difference  is  perhaps 
greater  than  the  jrrohable  difference  between  the  true  volui 
of  earth  and  the  volume  of  the  geometrical  prismoid  which 
assumed  to  represent  that  volume.  The  experienced  Bxxrvey 
will  take  his  cross-sections  at  such  places  and  so  close  togetl 
that  the  warped  surfaces  joining  the  sections  will  lie  very  neai 
in  the  surface  or  at  least  will  so  average  the  errors  that  th 
will  substantially  neutralize  each  other. 

117.  Numerical  illustration  of  the  accuracy  of  the  appro] 
mate  rule.  The  "  true  "  prismoidal  correction  for  the  numerfc 
case  given  in  §  109  was  computed  by  the  method  outlined  abo^ 
and  on  the  basis  of  certain  figures  as  to  the  vanishing  of  t 
ridges  and  valleys  foimd  in  one  section  and  not  found  in  t 
adjacent  sections.  The  various  quantities  for  the  voluiE 
between   the   cross-sections   have    been   tabulated   as   shoiK 


1 

2 

3 

• 

1 
> 

1 

H 

373 
581 
512 
174 

1640 

4 

5 

6 

7 

Sections. 

Approx.  vol. 

by  averaging 

end  areas. 

True  pris- 
moidal 
correction. 

Approx.  pris. 
corr.  on  basis 
of  three-level 
ground. 

Error; 
Col.4  -  col.  2. 

Approx.  voL 
computed 

from  center 
and  side 

heights  only. 

c 
if 

m 
t 

16 16+42 

16+42..  17 

17 18 

IS 19 

378 
584 
628 
177 

-  6 

-  3 
-16 

-  3 

-  6 

-  6 

-17 

-  1 

-1 
-3 
-1 

+  2 

396 
677 
463 
147 

-5 

+ 

+4 

+5 

1667 

-27 

-30 

-3 

1583 

+< 

There  has  also  been  shown  in  the  last  two  columns  the  en 
involved  if  the  "intermediate  points"  had  been  ignoi^ 
the  cross-sectioning.    From  the  tabular  form  we  may  learn  tl 
1.  The   differences   between   the   "true"   and   approzimi 
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rrections  is  so  small  that  it  is  probably  swallowed  up  by  errors 
mlting  from  inaccurate  cross-sectioning. 
2.  The  error  which  would  have  been  involved  in  ignoring 
e  intermediate  points  is  so  very  large  in  comparison  with 
e  other  corresponding  errors  that  (although  it  proves  nothing 
iBolutely  definite,  being  an  individual  case)  the  jTrobabilUies 
the  relative  error  from  these  sources  are  clearly  indicated. 
zi8.  Cross-sectioning  irregular  sections.  The  slope  stake 
ould  preferably  be  determined  first,  and  then  the  "breaks" 
it  ween  the  slope  stake  and  the  center.  When,  as  is  usual, 
e  ground  is  not  even  between  the  cross-section  just  taken 
id  the  section  at  the  next  100-foot  station,  a  point  should  be 
leeted  for  a  cross-section  such  that  tte  lines  to  the  previous 
ction  should  coincide  with  the  actual  surface  of  the  ground  as 
Dsely  as  the  accuracy  of  the  work  demands.  §  125  gives 
numerical  illustration  of  the  magnitude  of  some  of  these 
rors.  Although  it  is  possible  for  a  skillful  surveyor  to  so 
oose  his  cross-sections  m  rough  and  irregular  ground  that 
e  positive  and  negative  errors  will  nearly  balance,  it  requires 
:ceptional  skill.  Frequently  the  work  may  be  simplified  by 
mputing  separately  the  volume  of  a  mound  or  pit,  the 
:istence  of  which  has  been  ignored  in  the  regular  cross- 
ctioning. 

119.  Side-hill  work.    When  the  natural  slope  cuts  the  roadbed 
ere  is  a  necessity  for  both  cut  and  fill  at  the  same  cross-section. 


Fig.  55. 


Then  this  occurs  the  cross-sections  of  both  cut  and  fill  are  often 
I  neaiiy  triangular  that  they  may  be  considered  as  such  without 
•eat  error,  and  the  volumes  may  be  computed  separately  as 
iftng"^»^  prismoids  without  adopting  the  more  elaborate  form 
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of  oomputation  so  necessary  for  oomplicated  irregular  sections. 
When  the  ground  is  too  irregular  for  this  the  best  plan  is  to 
follow  the  uniform  system.  In  computing  the  cut,  as  in  Fig.  65, 
the  left  side  would  be  as  usual;  there  would  be  a  small  center 
cut  and  an  ordinate  of  zero  at  a  short  distance  to  the  right  of  tho 
center.  Then,  ignoring  ihe  filly  and  applying  Eq.  56  strictly, 
we  have  two  terms  for  the  left  sidp,  one  for  the  right,  and  the 
term  involving  Jfe,  which  will  be  ibhi  in  this  case,  since  hr'^O, 
and  the  equation  becomes 

Area(cut)  =  i  ki*j +2/i(^  -  ^i) +^r^ +i^^J  • 

The  area  for  fill  may  also  be  computed  by  a  strict  applicatioQ 
of  Eq.  50,  but  for  Fig.  56  all  distances  for  the  left  side  are  zqtq 
and  the  elevation  for  the  first  point  out  is  zero.    (H  also  must  be 
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considered  as  zero.    Following  the  rule,  §  107,  literally,  the  equa- 
tion becomes 

Arca(Flll)  =i[Xrkr  +  yr(o—hr)  +Zr(0  —  kr)  -]- ih{o  +  kr)]. 


which  reduces  to 


i{Xrkr  —  yrhr-Zrkr-Vihhr]. 


(Note  that  Xr,  hr,  etc.,  have  different  significations  and  values 
in  this  and  in  the  preceding  paragraphs.)  The  ''terminal 
P5nramids"  illustrated  in  Fig.  43  are  instances  of  side-hill  work 
for  very  short  distances.  Since  side-hill  work  always  implies 
both  cut  and  fill  at  the  same  cross-section,  whenever  either  tbe 
cut  or  fill  disappears  and  the  earthwork  becomes  wholly  out  dr 
^hoUy  fill,  that  point  marks  the  end  of  the  ''side-hill  wofk,**- 
4^id  a  crpsa-section  should  he  taken  at  this  point. 


§  120.  JSABTHWOBK.  IZ7 

1 20.  Borrow-piU>    The  cross-sections  of  borrow-pits  will  vary 
not  aaiy  oo  acoou^t  pf  the  undulations  of  the  surface  of  the 
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ground,  but  also  on  the  sides,  according  to  whether  they  aye 
made  by  widening  a  convenient  cut  (as  illustrated  in  Fig.  57) 
or  simply  by  digging  a  pit.  The  sides  should  always  be  prop- 
?rly  sloped  and  the  cutting  made  cleanly,  so  as  to  avoid  un- 
sightly roughness.  If  the  slope  ratio  on  the  right-hand  si^e 
(Fig.  57)  is  fi,  the  area  of  the  triangle  is  Ism*.  The  area  of  the 
section  is  llv>g-\-(g-\-h)D'^{h-\-j)x-\-{j-\-k)y-\-{k-]-m)z  —  sm%  If 
all  the  horizontal  measurements  were  referred  to  one  side  as 
an  origin,  a  formula  similar  to  Eq.  50  could  readily  be  devel- 
oped, but  little  or  no  advantage  would  be  gained  on  account  of 
any  simplicity  of  pomputation.  Siuce  the  exact  volume  of  the 
earth  borrowed  is  frequently  necessary,  the  prismoidal  correc- 
tion should  be  computed;  and  since  such  a  section  as  Fig.  57 
does  not  even  approximate  to  a  three-level  ^ection^  the  method 
suggested  in  §  115  cannot  be  employed.  It  will  then  be  neces- 
sary to  employ  the  more  exact  method  of  dividing  the  volume 
into  triangular  prismoids  and  taking  the  aununation  of  their 
corrections,  found  according  to  the  general  method  of  §  111. 

I2|.  CofriHi1i09  f^  ci^^tm:^.  The  volume  of  a  solid,  gen- 
crated  by  revolving  a  plane  area  about  an  axis  lying  in  thtj 
plane  but  outside  of  the  area,  equals  the  product  of  the  given 
area  times  the  len^h  of  the  path  of  the  center  of  gravity  of  the 
area.  If  the  centers  of  gravity  of  all  cro88-^ections  lie  in  the 
center  of  the  road,  where  the  length  of  the  road  is  measured, 
tbQrp  i^  absolHtely  ^  necessary  cprrectlon  for  curvature.  If  all 
Ibe  orq99-«PQ|iQn9  ip  apy  given  length  were  exactly  the  same  an4 
ttefefofe  had  tfee  aame  ecoontricity,  the  correction  for  curvature 
would  1)0  ypry  refkdi)y  computed  according  to  the  above  prin- 
^If), .  "^1%  wk^n  both  the  areas  and  the  eccentricities  vary 
Cnw  PQm^  to  P9fet>  a*»  is  generally  the  casQ,  a  thepretieally  exact 
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solution  is  quite  complex,  both  in  its  derivation  and  applicati<Mi. 
Suppose,  for  simplicity,  a  curved  section  of  the  road,  of  uniform 
cross-sections  and  with  the  center  of  gravity  of  every  cross- 
section  at  the  same  distance  e  from  the  center  line  of  the  road 
The  length  of  the  path  of  the  center  of  gravity  will  be  to  the 
length  of  the   center  line   as  i2±e:JB.    Therefore  we   have 

True  voir,  nominal  vol,  ::R±e  :R,    ,\  True  voL=lA    p     for 

a  volume  of  uniform  area  and  eccentricity.    For  any  other  area 

R±e' 
and  eccentricity  we  have,  similarly,  True  vol/=lA' — 5—.    This 

shows  that  the  effect  of  curvature  is  the  same  as  increasing  (or 

diminishing)  the  area  by  a  quantity  depending  on  the  area  and 

eccentricity,  the  increased  (or  diminished)  area  being  found  by 

R±.e 
multiplying  the  actual  area  by  the  ratio  —5—.    This  being 

Jtl 

independent  of  the  value  of  Z,  it  is  true  for  infinitesimal  lengths. 

If  the  eccentricity  is  assumed  to  vary  uniformly  between  two 

sections,  the  equivalent  area  of  a  cross-section  located  midway 

between  the  two  end  cross-sections  would  be  Am— n • 

Therefore  the  volume  of  a  solid  which,  when  straight,  would  be 

— (A'+4ilm4  A");  would  then  become 
o 

Truevol,^^ A\R±e')-^4.  Am  {r±^-^^  +A"(i2±«")T 

Subtracting  the  nominal  volume  (the  true  volume  when  the 
prismoid  is  straight),  the 

Corr6C/ion  =  ±^r(A'+2Am)e'  +  (2A,n+A'0e''1.       .    (55) 

Another  demonstration  of  the  same  result  is  given  by  Prof. 
C.  L.  Crandall  in  his  "Tables  for  the  Computation  of  Railway 
and  other  Earthwork,"  in  which  is  obtained  by  calculus  methods 
the  summation  of  elementary  volumes  having  variable 
with  variable  eccentricities.  The  exact  application  of  Elq. 
requires  that  Am  be  known,  which  requires  laborious  compiift»> 
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IS,  but  no  error  worth  considering  is  involved  if  the  equation 
rritten  approximately 


Cun;.corr.=2^(AV+AV0,  . 


.    .    (56) 


ch  is  the  equation  generally  used.  The  approximation  con- 
3  in  assunung  that  the  difference  between  A'  and  Am.  equals 
difference  between  A  m  and  A"  but  with  opposite  sign.  The 
»r  due  to  the  approximation  is  always  utterly  insignificant. 
I.  Eccentricity  of  the  center  of  gravity.  The  determination 
he  true  positions  of  the  centers  of  gravity  of  a  long  series  of 
^lar  cross-sections  would  be  a  very  laborious  operation, 
fortimately  it  is  generally  sufficiently  accurate  to  consider 
crossHsections  as  three-level  ground,  or,  for  side-bill  work,  to 


\  ^  / 


^^v 
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riangular,  /or  fh^  purpose  of  this  correction.  The  eccentricity 
lie  crossnaection  of  Fig.  58  (including  the  grade  triangle)  may 
mtten 


2       3  2       "3 

(a-^d)xi    (a-\-d)Xr 


1  X^-Xr^       1 


3    Xi  +  Xr    -S^'"'-''^^' 


.     (57) 


he  side  toward  xi  being  considered  positive  in  the  above 
lonstration,  if  Xr>xi,  e  would  be  negative,  i.e.,  the  center 
ravity  would  be  on  the  right  side.    Therefore,  for  three-level 
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ground,  the  correction  for  curvatiue  (see  Eq.  56)  may  be  wriiito 

Correction  =  ^[AW  -x/)  +  A"(x/'  -x/')]- 

Since  the  approximate  volume  of  the  prismoid  is 

in  which  V*  and  V"  represent  the  humber  oF  cubic  yards  corre- 
sponding to  the  area  at  each  station,  we  may  write 

Corr.  in  cub.  yds.  =  ^jP'W  -x/)  +  y"(xt"  -a;/') J.      (58) 

It  should  be  noted  that  the  value  of  c,  derived  in  Eq.  67,  is 
the  eccentricity  of  the  whole  area  including  the  triangle  under 
the  roadbed.  The  eccentricity  of  the  true  area  is  greater  than 
this  and  equals 

true  area  +  iah 

eX — =Ci. 

true  area 

The  required  quantity  (A*e'  of  Eq.  66)  equals  true  areaXei 
which  equals  {tru6  area-\-iab)Xe.  (Since  the  value  of  c  is  very 
simple,  while  the  value  of  ei  would,  in  general,  be  a  complex 
quantity,  it  is  easier  to  use  the  simple  value  of  Eq.  57  and  add 
iab  to  the  area.  Therefore,  in  the  case  of  three-level  ground 
the  subtractive  term  ff^  (§  ^^^)  should  not  be  subtracted  in 
computing  this  correction.  For  irregular  ground,  when  com- 
puted by  the  method  given  in  §§  107  and  108,  which  doeH  luil 
involve  the  grade  triangle,  a  term  f4^6  must  be  €uided  M  ev^kry 
station  when  computing  the  quantities  7'  and  V"  for  £(),  66. 

It  should  be  noted  that  the  factor  1-7-372,  which  is  constant 
for  the  length  of  the  curve,  may  be  computed  with  all  necfessaiy 
accuracy  and  without  i^sorting  to  tables  by  remembering  that 

„  5730 


degree  of  curve' 


Since  it  is  useless  to  attempt  the  computation  tsi  rmflriMidi 
earthwork  closer  than  the  nearest  cubic  yard,  It  will  fre<|ueniljf(j 
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BBibte  to  write  out  ail  curvature  corrections  by  a  siinpie 
i  process  upcHi  a  mere  inspection  of  the  computation  sheet. 
^  shows  that  the  correction  for  each  station  is  of  the  form 

p-^.    3fi  is  generally  a  large  quantity — for  a  6®  curve 

1865.  {xi—Xr)  h  generally  small.  It  may  frequently  be 
>y  inspection  that  the  product  V{xi—Xr)  is  roughly  twice 
ee  times  3^,  or  perhaps  less  than  half  of  3i2,  so  that  the 
tive  term  for  that  station  may  be  written  2,  3,  or  0  cubic 

the  fraction  being  disregarded.  For  much  larger  absolute 
its  the  correction  must  be  computed  with  a  correspondingly 

percentage  of  accuracy. 

algebraic  sign  of  the  curvature  correction  is  best  deter** 

by  noting  that  the  center  of  gravity  of  the  cross-section  is 
;  right  or  left  side  of  the  center  according  as  Xr  is  greater 
\  than  xu  and  that  the  correction  is  'positive  if  the  center  of 
y  is  on  the  outside  of  the  curve,  and  negative  if  on  the 

• 

s  frequently  found  that  xi  is  uniformly  greater  (or  uni- 
/  less)  than  Xr  throughout  the  length  of  the  curve.  Then 
irvature  correction  for  each  station  is  uniformly  positive  or 
ve.     But  in  irregular  ground  the  center  of  gravity  is  apt 


I     \ 


u— \— 45__. 
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Fio.  59. 


irregularly  On  the  outside  or  on  the  inside  of  the  curve, 
ie  curvature  correction  will  be  correspondingly  positive  or 
lire.  K  the  curve  is  to  the  right,  the  correction  will  be 
ve  or  negative  according  as  {xi—Xr)  is  positive  or  negati\e; 
curye  is  to  the  left,  the  correction  will  be  positive  or  nega- 
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tive  according  as  (:rr— 1()  ia  positive  or  negative.    Therefore 
when  computing  curves  to  the  right  use  the   form   (ij— Xr)  in 
Eqs.  58  and  60;   when  eomputing  curves  to  the  left  use  the  form 
(Xr—xt)  in  these  equations;   the  algebra,ic  sign  of  the  correction 
will  then  be  strictly  in  accordance  with  the  results  thua  obtained. 
133-  Ceittei  of  gravity  of  side-hill  sections,    In  computiog  the 
correction  for  side-hill  work  the  cross-section  would  be  traited 
aa  triangular  unless  the  error  involved  would  evid^tntJv  ha  *«■ 
great  to  be  disregarded.     The  centei 
lies  on  the  line  joining  the  vertex  w 
and  at  i  of  the  length  of  this  line  fro: 
equal  to  the  distance  from  the  center 
)  of  its  horizontal  projection.    Then 


'-[l"HI+")]+l[" 


-©«-">]• 


By  the  same  proceaa  as  that  uaedin  j 
may  be  written 

C<,rr.i»«b.yd-.-X[v'(|.4Cr,'-. 


It  should  be  noted  that  rinoe  ' 

this  computation  the  volome  flt 
in  computing  the  quantitiea  V 

The  eccentricities  of  or 
zero,  and  are  frequenUy  ( 
erally  quite  sm&U.     f    "">' 
is  generally  &  w**- 
in  ordinary  tb~ 

It  the  tri- 
still  be  '"— 
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stakes  by  yr  and  —yi  (note  the  minus  sign).  Applying  Eq.  5^ 
literally  (noting  that  ^  must  here  be  considered  as  negative  in 
order  to  make  the  notation  consistent)  we  obtain 


e 
vdiich  reduces  to 


iL"!"""^"^'"^'^]' 


* — i"ri"+^'+!'^i («*> 


As  the  algebraic  signs  tend  to  create  confusion  in  these 
formulse,  it  is  more  simple  to  remember  that  for  a  triangle 
lying  on  both  sides  of  the  center  e  is  always  numerically  equal 

to  —  i  ^+ixi'>'Xr)   Land  for  a  triangle  entirely  on  one  side,  e  is 

1  r& 

numerically  equal  to  — I  o+t^®  numerical  sum  of  the  two  dis- 
tances out].    The  algebraic  sign  of  e  is  readily  determinable  as 

in  §122. 

124.  Example  of  curvature  correction.    Assume  that  the  fill  in 

§  106  occurred  on  a  6**  curve  to  the  right.     —  =  — — .    The 

oK     2oo5 

quantities  210,  507,  etc.,  represent  the  quantities  V\  F",  etc., 

since  they  include  in  each  case  the  61  cubic  yards  due  to  the 

grade  prism.    Then 


V(xifs^Xr)      210(22.9-8.2)^3101.7  ^     ^ 
aB       ^  2865  2865       '^ 


The  sign  is*  plus,  since  the  center  of  gravity  of  the  cross-sec- 
tkm  is  on  the  left  side  of  the  center  and  the  road  curves  to  the 
Tight,  thus  making  the  true  volume  larger.  For  Sta.  18  the 
correction,  computed  similarly,  is  +3,  and  the  correction  for 
the  whole  section  is  1  +  3=4.  For  Sta.  18+40  the  correction 
is  computed  as  6  yards.  Therefore,  for  the  40  feet,  the  correc- 
tion is  tVW3+6)  «-3.6,  which  is  called  4.  Computing  the  others 
■milarly  we  obtain  a  total  correction  of  + 16  cubic  yards. 
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125.  Acctiracy  of  earthwork  computations.    The  preceding 

methods  give  the  precise  volume  (except  where  approximations 
are  distinctly  admitted)  of  the  prismoids  which  are  supposed  tc 
represent  the  volume  of  the  earthwork.  To  appreciate  the 
accuracy  necessary  in  cross-sectioning  to  obtain  a  given  accuracy 
in  volume,  consider  that  a  fifteen-foot  length  of  the  cross-section, 
which  is  assumed  to  be  straight,  really  sags  0.1  foot,  so  that  the 
cross-section  is  in  error  by  a  triangle  15  feet  wide  and  0.1  foot 
high.  This  sag  0.1  foot  high  would  hardly  be  detected  by  the 
eye,  but  in  a  length  of  100  feet  in  each  direction  it  would  make 
an  error  of  volume  of  1.4  cubic  yards  in  each  of  the  two  pris- 
moids, assuming  that  the  sections  at  the  other  ends  were  perfect. 
If  the  cross-sections  at  both  ends  of  a  prismoid  were  in  error  by 
this  same  amount,  the  volume  of  that  prismoid  would  be  in  error 
by  2.8  cubic  yards  if  the  errors  of  area  were  both  plus  or  both 
minus.  If  one  were  plus  and  one  minus,  the  errors  would 
neutralize  each  other,  and  it  is  the  compensating  character  of 
these  errors  which  permits  any  confidence  in  the  results  as 
obtained  by  the  usual  methods  of  cross-sectioning.  It  demon- 
strates the  utter  futility  of  attempting  any  closer  accuracy  than 
the  nearest  cubic  yard.  It  will  thus  be  seen  that  if  an  error 
really  exists  at  any  cross-section  it  involves  the  prismoids  on, 
both  sides  of  the  section,  even  though  all  the  other  cross-sections 
are  perfect.  As  a  further  illustration,  suppose  that  cross-seo- 
tions  were  taken  by  tlie  three-level  method  (§  105),  and  that  a 
cross-section,  assumed  as  uniform  from  center  to  side,  sags  0.4 
foot  in  a  width  of  20  feet.  Assume  an  equal  error  (of  sanoe 
sign)  at  the  other  end  of  a  100-foot  section.  The  error  of 
volume  for  that  one  prismoid  is  38  cubic  yards. 

The  computations  further  assume  that  the  warped  suifaOB^ 
passing  through  the  end  sections,  coincides  with  the  surface  of 
the  ground..  Supix)se  that  the  cross-sectioning  had  been  doD0 
with  mathematical  perfection;  and,  to  assume  a  simple  caae^ 
suppose  a  sag  of  0.5  foot  between  the  sections,  which  eauaai  CD 
error  equal  to  the  volume  of  a  pyramid  having  a  base  of  20 IM 
(in  each  cross-section)  time^  100  feet  (between  the  crooq^ij^' 
tions)  and  a  height  of  0.5  foot.  The  volume  of  this  pyraniidiiil 
1(20X100)  X  0.5 -=333  cub.  ft.  =.12  cub.  yds.  And  yet  this 
or  hump  of  6  inches  would  generally  be  utterly  unnoiieed^-talf] 
at  least  disregarded.  ij 

When  the  ground  is  very  rough  and  broken  it  U 
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practicany  impossible,  even  with  frequent  crosB-sectlons,  to 
locate  warped  surfaces  which  will  closely  coincide  with  all  the 
sudden  irregularities  of  the  ground.  In  such  cases  the  compu- 
tations are  necessarily  more  or  less  approxunate  and  dependence 
must  be  placed  on  the  compensating  character  of  the  errors. 

126.  Approximate  computations  from  profiles.  When  a 
"paper  location"  has  been  laid  out  on  a  topographical  map 
having  contours,  it  is  possible  to  compute  approximately  the 
amoimt  of  earthwork  required  by  some  very  simple  and  rapid 
calculations.  A  profile  may  be  readily  drawn  by  noting  the 
intersections  of  the  proposed  center  line  with  the  various  con- 
tours and  plotting  the  surface  line  on  profile  paper.  Drawing 
the  grade-line  on  the  profile,  the  depth  of  cut  or  fill  may  be 
scaled  off  At  any  point.    When  it  is  only  desired  to  obtain 


Fig.  60. 

very  quickly  an  approximate  estimate  of  the  amount  of  earth- 
work required  on  a  suggested  line,  it  may  be  done  by  the  method 
described  in  §  103,  or  by  the  use  of  Table  XVII.  But  the 
assumption  that  the  surface  of  the  ground  at  each  cross-section 
is  level  invariably  has  the  effect  that  the  estimated  volumes 
are  not  as  large  as  those  actually  required.  The  difference 
between  the  "level  section"  hkms  and  the  actual  slope  section 
kknq  equals  the  difference  between  the  triangles  mon  and  oqa^ 
and  this  difference  equals  the  shaded  area  mpn.  The  excess 
volume  is  proportional  to  the  area  of  the  triangle  mjm*  This 
may  be  expressed  by  the  formula, 

M  ft/tr  .   T     .  ^..sin'a  sin^coSjS 

Axea  m39»-2(i6+d  cot  ^^ 7: — ^ — 7^ 

'^  ^    cos  2a— cos  2j? 
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The  percentage  of  this  excess  area  to  the  nominal  area  khna 
therefore  depends  on  the  dimensions  b  and  d  and  the  angles  a 
and  /3.  A  solution  of  this  equation  for  ninety  different  com- 
binations of  various  numerical  values  for  these  four  variables 
is  included  in  Table  XVII  for  the  purpose  of  making  cor- 
rections. A  study  of  this  correction  table  points  conclusively 
to  the  following  laws,  a  thorough  understanding  of  which  will 
enable  an  engineer  to  appreciate  the  degree  of  accuracy  which 
is  attainable  by  this  approximate  method: 

(a)  Increasing  the  width  of  the  roadbed  (6),  the  other  three 
factors  remaining  constant,  increases  the  percentage  of  error, 
but  the  increase  is  comparatively  small. 

(6)  Increasing  the  depth  of  cut  or  fill  (d),  decreases  the  per- 
^ntage  of  error,  but  the  decrease  is  almost  insignificant. 

(c)  Increasing  the  angle  of  the  side  slopes  (fi)  decreaaea  the 
percentage  of  error,  the  decrease  being  very  considerable. 

(d)  Increasing  the  angle  of  the  slope  of  the  ground  (a), 
-increases  the  percentage  of  error,  the  percentage  rapidly  in- 
creasing to  infinity  as  the  value  of  a  approaches  that  of  fi. 
This  is  another  method  of  statuig  the  fact  that  a  must  always 
be  less  than  fi  and,  practically,  must  be  considerably  less,  so 
that  the  slope  stake  shall  be  within  a  reasonable  distance  from 
the  center. 

Since  the  above  value  for  the  corrective  area  is  a  function  of 
the  angle  a,  which  is  usually  variable  and  whose  value  is  fie* 
quently  known  only  approximately,  it  is  useless  to  attempt^ 
to  apply  the  correction  with  great  precision,  and  the  following 
rules  will  usually  be  found  amply  accurate,  considering  the 
probable  lack  of  precision  in  the  data  used. 

1.  For  embankments  or  cuts,  having  a  slope  of  1.5:1,  and 

with  a  surface  slope  of  5^  (nearly  9%)  the  excess  of  true 

over  nominal  area  is  about  2%.    There  is  only  a  slight 

tion  from  this  value  for  all  ordinary  depths  (d)  and  widths  (b) 

of  roadbed.    Therefore  the  nominal  volume  would  be  about  2% 

too  smaU.    On  the  other  hand,  the  effect  of  the  prismoidal 

correction  is  such  that,  even  with  truly  level  seotions^  the 

nominal  volume  is  too  large.    See  §§  103  and  112.     The  amount 

'^e  prismoidal  correction  depends  on  the  differences  between 

ssive  center  depths.    In  the  very  ordinary  numerical  caas 

in   §  103,  the  correction  was  nearly  3%,  which  nune 

leutraUzcs  the  error  due  to  surface  slope.    Therefore  m 
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many  oases  on  slightly  sloping  ground  the  error  due  to  the 
surface  slope  will  so  nearly  neutralize  the  prismoidal  correc- 
tion that  the  quantities  taken  directly  from  the  tables  (without 
correction  for  either  cause)  will  equal  the  true  volume  with  as 
close  an  approach  to  accuracy  as  the  precision  of  the  surveying 
will  permit. 

2.  For  a  cut  with  a  slope  of  1 : 1,  and  with  a  surface  slope  of 
5^  the  error  is  about  1%.  This  will  be  neutralized  by  still 
smaller  prismoidal  corrections.  Therefore,  for  surface  slopes 
of  5^  or  less,  no  allowance  should  be  made  for  this  error  unless 
the  prismoidal  correction  is  also  considered. 

3.  When  the  surface  slope  is  l(f  (nearly  18%)  the  error  for 
a  1.5:1  slope  is  from  7%  to  10%  and  for  a  1:1  slope  from  3% 
to  5%. 

4.  For  a  30^  surface  slope  and  1.5:1  side  slopes  the  excess 
volume  is  three  or  four  times  the  nominal  volume.  Such  a 
steep  surface  slope  implies  the  probability  of  "side-hill  work" 
to  which  the  above  corrective  rules  are  not  applicable.  When 
the  surface  slopes  are  very  steep  careful  work  must  be  (done 
to  avoid  excessive  error.  For  a  1:1  side  slope,  the  errors  aro 
from  60%  to  80%. 

A  still  closer  approximation,  especially  for  the  steeper  surface 
slopes,  may  be  obtained  by  using,  directly  or  by  interpolation, 
figures  from  the  corrective  tabular  form  which  forms  part  of 
Table  XVII.  Unless  tlie  surface  slope  angle  is  known  accurately 
(especially  when  large)  no  great  accuracy  in  the  final  result  is 
possible.  Close  accuracy  would  also  require  the  determination 
of  the  prismoidal  correction.  But  if  such  close  accuracy  is 
deemed  essential,  it  can  be  most  easily  obtained  by  ac- 
curate croesHsectioning  at  each  station  and  the  adoption  of 
other  methods  of  computation — such  as  are  given  in  §§108 
and  109, 

When  the  contours  have  been  drawn  in  for  a  sufficient 
distance  on  either  side  to  include  the  position  of  both  slope 
stakes  at  every  station,  as  will  usually  be  the  case,  cross-sections 
may  be  obtained  by  drawing  lines  on  the  map  at  each  station 
perpendicular  to  the  center  line — see  Fig.  4.  The  intersection 
of  these  lines  with  the  contours  will  furnish  the  distances  for 
drawing  on  cross-section  paper  the  transverse  profile  at  each 
station.  Drawing  on  the  same  cross-section  the  lines  repre- 
senting the  roadbed  and  the  side  slopes,  the  cross-section  of 
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cut  (or  fiU)  is  oomplete  and  its  area  may  be  obtained  by  scaling 
from  the  oroo^section  paper.  If  the  contours  have  been 
located  on  the  map  with  sufficient  accuracy,  such  a  method 
will  determine  the  croesnaectional  area  very  cloeely.  When 
crossHiieotions  have  been  taken  with  a  wye-  or  hand-level,  aa 
described  in  §  12,  the  cross-sections  as  plotted  will  probably 
be  more  accurate  than  when  the  contours  are  run  in  from 
points  determined  by  the  stadia  method.  In  fact  this  aemi* 
graphical  method  is  frequently  used,  in  place  of  the  purely 
numerical  methods  described  in  previous  sections,  to  mako 
final  estimates  of  the  volume  of  earthwork. 

As  a  numerical  example,  an  assumed  location  line  was  laid 
out  on  the  contours  given  in  Fig.  4.  The  volume  of  eut,  aa 
determined  by  Table  XVII  for  a  roadbed  20  feet  wide,  with 
aide  slopes  of  1:1,  was  5746  cubic  yards.  The  surfaoe  slope 
varied  from  3°  to  11®.  Computing  the  corrections  by  a  eareful 
interpolation  from  the  corrective  table,  the  total  correction  waa 
found  to  be  128  cubic  yards,  or  an  average  of  a  little  over  2%. 
On  the  other  hand  the  negative  prismoidal  correction  amounta 
to  72  cubic  yards,  which  leaves  a  net  coirection  of  56  cubio 
yards — ^about  1%.  It  so  happens  that  in  this  case  a  correotioA 
for  curvature  would  tend  further  to  wipe  out  this  correction. 
These  figures  merely  verify  numerically  the  general  eonelusioiui 
stated  above,  although  it  should  not  be  forgotten  that  in  indi- 
vidual cases  the  figures  taken  from  Table  XVII  require  ample 
eorrection. 

The  following  approximate  rule,  for  which  the  author  ia 
indebted  to  Mr.  W.  H.  Edinger,  is  exceedingly  useful  whan  ft 
is  desired  to  rapidly  determine  the  approximate  volume  d 
earthwork  between  two  points  along  the  road.  Its  great  merit 
lies  in  the  fact  that  it  only  means  the  memorizing  of  a  eoiUr 
paratively  simple  rule  which  will  make  it  possible  to  maka 
auch  computations  in  the  field,  without  the  use  of  tableau  The 
rule  is  based  on  the  fact  that  the  area  of  any  level  sectioa  equahl 
bd+9(P;  and  therefore, 

S(vol.)  =  (&Sd+sSd2)A^ 

in  which  L  is  usually  100  feet.  For  strict  accuracy  this  would 
only  be  the  volume  provided  the  total  length  was  an  even  nuas* 
ber  of  hundred  feet,  and  the  various  values  of  d  repieaatilad 
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the  deptlis  whicb  were  iiniform  for  hundred  foot  sections.  It 
makes  no  allowanoe  for  the  comparatively  large  prismoidal 
error  of  the  pyramidal  and  wedge-shaped  sections  usually  found 
at  each  end  of  a  cut  or  fill,  but  where  an  approximate  estimate 
is  desired,  in  which  this  inaccuracy  may  be  neglected,  the 
method  is  very  useful.  The  method  of  applying  this  rule  with- 
out tables  may  best  be  illustrated  by  a  simple  numerical  ex- 
ample. Assume'  that  the  levels  on  a  stretch  of  fairly  levd 
ground,  which  is  about  500  feet  long,  have  been  taken,  the  depths 
being  taken  at  points  100  feet  apart,  the  first  and  last  points 
being  about  40  or  50  feet  from  the  ends  of  the  cut,  or  fill.  The 
depths  are  as  given  in  the  first  column  in  the  tabular  form 
bek)w;  the  slope  is  1.5: 1,  and  the  breadth  (&)  is  14  feet. 


d 

d* 

1.6 

2.56 

2.8 

7.84 

4.5 

20.25 

3.1 

9.61 

0.9 

.81 

Zd  =  12.9 

Xd^  =41.07 

14 

adding 

one  luilf  =20.53 

62d  =  180.6 

a2ci2  =  61.60 

61.60 

• 

242.2 

24220-^27=897  cubic  yards. 

The  180.6  is  the  6S(f  and  the  61.0  is  sid^;  adding  these  and 
moving  the  decimal  point  two  places  to  multiply  by  100,  we 
only  have  to  divide  by  27  to  obtain  the  value  in  cubic  yards. 
Although  the  above  rule  requires  more  work  than  the  employ- 
ment of  earthwork  tables,  yet  it  is  a  very  convenient  method 
of  estimating  the  approximate  volume  of  a  short  section  of 
earthwork  when  no  tables  are  at  hand. 

FOHMATION   OP  EMBANKMENTS.  V 

127.  Shrinkage  of  earthwork.  The  statistical  data  indicating 
the  amount  of  shrinkage  is  very  conflicting,  a  fact  which  is 
probably  due  to  the  following  causes: 

1.  The  various  kinds  of  earthy  material  act  very  differently 
as  respects  shrinkage.    There  1:5  a  great  lack  of  uniformity  in 
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the  dassificaiion  oj  earths  in  the  tests  and  experiments  which 
have  been  made. 

2.  Very  much  depends  on  the  fnethod  of  forming  an  embank- 
ment (as  will  be  shown  later).  Different  reports  have  been 
based  on  different  methods — often  without  mention  of  the 
method. 

3.  An  embankment  requires  considerable  time  to  shrink  to 
its  final  volume,  and  therefore  much  depends  on  the  time  elapsed 
between  construction  and  the  measurement  of  what  is  supposed 
to  be  the  settled  volume. 

4.  A  soft  subsoil  will  frequently  settle  imder  the  weight  of  a 
high  embankment  and  apparently  indicate  a  far  greater  shrink- 
age than  the  actual  reduction  in  volume. 

5.  An  embankment  of  very  soft  material  will  sometimes 
"  mush  "  or  widen  at  the  sides,  with  a  consequent  settling  of 
the  top,  due  to  this  cause  alone,  but  such  settlement  would 
indicate  that  unsuitable  material  had  been  used  to  form  the 
embankment. 

As  a  summary  of  the  extensive  discussion  and  wide  range  of 
shrinkage  factors  which  might  be  quoted,  the  following  facts 
may  be  stated: 

1.  The  density  of  natural  soil  increases  with  its  depth  below 
the  surface.  Some  careful  and  accurate  tests  of  some  "  clay, 
loam  and  gumbo,"  made  on  the  C.  B.  &  Q.  R.  R.,  showed  an 
increase  from  70  lbs.  per  cubic  foot  at  the  surface  to  121  lbs. 
per  cubic  foot  (an  increase  of  over  70%)  at  a  depth  of  25  feet. 

2.  Freshly  excavated  material  of  whatever  character  occupies 
a  greater  volmne  in  a  cart  or  other  conveyor,  or  when  loosdy 
deposited,  than  it  did  in  the  original  excavation. 

3.  After  being  deposited  it  usually  shrinks  more  or  less  from 
its  volume  as  loose  material.  This  shrinkage  increases  with 
age  and  with  the  amount  of  traffic  over  it.  When  the  nia.f.ArifJ 
is  deposited  in  small  increments  from  wagons  or  carts  and  each 
layer  is  subjected  to  compression  from  horses'  hoofs  and  from 
wheels,  the  contraction  during  construction  is  very  great  and  the 
subsequent  shrinkage  is  comparatively  small. 

4.  Light  vegetable  mould  or  ^^  top  soil,"  and,  in  general,  all 
naturally  deposited  soil  to  a  depth  of  3  to  5  feet,  will  shrink 
until  its  final  volume  is  less  than  its  volume  in  its  original  state. 

5.  On  the  other  hand,  compact  earth,  taken  from  the  bottom 
of  a  deep  excavation,  and  also  rock,  although  it  may  shrink 
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somewhat  from  its  volume  as  measured  in  carts,  cars,  or  other 
conveyors,  will  never  shrink  to  its  voliune  in  the  original  excava- 
tion, and  will  always  occupy  a  larger  volume  in  an  embankment. 

6.  An  embankment  coi^tinues  to  shrink  with  age,  due  to  the 
pressure  of  superincumbent  material  and  also  due  to  the  pressure 
and  vibration  caused  by  traffic.  This  law  was  clearly  indicated 
by  the  following  figures  from  the  C.  B.  &  Q.  R.  R.  tests,  where 
three  embankments  were: 

(a)  17  years  old;  no  traffic shrinkage,     6.7% 

(b)  49      "       "     abandoned  after  32  years  of  light  traffio.  *'  12.9% 

(c)  17     **      *'     constantly  under  heavy  traffic **         13.6% 

7.  If  an  embankment  is  formed  by  dropping  earth  from  a 
treede,  there  is  no  compression  during  formation  and  the  shrink- 
age will  be  long-drawn-out,  especially  if  the  material  is  light  and 
the  tr&ck.  continues  for  some  time  to  be  supported  by  the  floor 
system  of  the  trestle. 

8.  The  mere  weight  of  an  embankment,  augmented  by  the 
vibrating  action  of  heavy  traffic,  will  compress  the  natural  soil 
on  which  an  embankment  is  placed.  The  depth  of  this  com- 
pression will  vary  from  zero  for  a  rocky  surface  to  an  indefinite 
and  unceasing  settlement  into  a  '^  bottomless  bog.''  This  effect, 
distinct  from  the  shrinkage  of  the  volume  of  embankment 
material,  is  called  subsidence.  It  always  occurs  to  some  extent 
on  ordinary  grazing  or  agricultural  land,  which  means  under 
the  majority  of  embankments.  The  percentage  of  subsidence 
wiU  be  greater  for  a  low  than  for  a  high  embankment,  since  the 
area  of  the  base  is  less  and  the  tamping  action  of  traffic  is  more 
direct  and  effective.  Investigation,  by  borings  and  the  digging 
of  test  pits,  has  shown  that  there  is  sometimes  as  much  (or  more) 
deposited  material  below  the  original  surface  line  as  that  in  the 
visible  embankment  above.  This  means  that  when  an  embank- 
ment is  to  be  formed  on  soft,  or  even  ordinary  agricultural 
ground,  considerably  more  material  must  be  deposited  than 
is  called  for  by  the  nominal  cross-sections  above  the  original 
surface  lines.  The  extent  of  such  subsidence  cannot  be  accu- 
rately predicted.  It  is  even  more  difficult  than  to  predict  the 
ultimate  shrinkage  of  a  volume  of  excavated  material  after 
being  formed  into  an  embankment.  When  subsidence  is  alto- 
gether ignored,  the  almost  inevitable  result  is  a  future  sag  of 
the  grade  line  on  embankments,  which  can  only  be  restored 
by  oompazatively  expensive  raising  of  the  track  imder  traffic 
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conditions.  Instances  are  not  uncommon  where  a  company  has 
been  compelled  to  change  a  location  after  having  deposited  cm 
a  seemingly  bottomless  bog  a  volume  of  material  several  times 
the  volume  of  the  desired  visible  embpukment.  Of  course  stich 
oases  are  exceptional,  but  the  engineer  must  use  judgmenti 
aided  perhaps  by  boring  into  a  soft  soil,  to  estimate  how  much 
the  subsidence  will  prove  to  be. 

9.  A  sharp  and  clear  distinction  should  be  made  between  the 
coefficient  of  extra  height  of  an  embankment  and  the  coeffixnend 
tj  shrinkage  which  determines  how  many  cubic  yards  of  settled 
embankment  may  be  made  from  a  definite  volume  of  earth  or 
rook  measured  in  the  excavation.  Even  if  the  coefficient  of 
volume  shrinkage  were  accurately  known,  the  effect  of  subst* 
dence  must  still  be  allowed  for,  and  the  coefficient  of  extra  height 
must  be  a  composite  of  these  two  effects.  The  effect  of  the 
method  of  formation  of  the  embankment  must  also  be  considered. 
If  the  material  is  compacted  during  construction,  some  of  the 
shrinkage  will  have  been  accomplished  and  some  of  the  sub- 
sidence will  have  taken  place  by  the  time  the  embankment  is 
up  to  grade  line  and  only  the  future  shrinkage  and  subsidenoe 
must  be  allowed  for,  although  more  material  has  been  used  than 
the  proffie  seemed  to  call  for.  A  rock  embankment-  will  not 
shrink  appreciably  after  formation  and  in  such  case  only  the 
future  subsidenoe  need  be  allowed  for. 

10.  The  very  serious  expense  of  raising  the  grade  of  a  tnujik 
under  traffic  Uiay  be  r^uced  if  not  altogether  avoided  by  ntodi- 

fying  the  nomial 
^^  J      .^^    grade  line  over 

'^k        ^^Ji -. ..^  c^^^    an  embankment^ 

^^j^iij^mjf^^^f^^^^^^^^^^^  substantially  at 

%Sw  .^^^?^^^^  shown  in  Fig.  d2. 

^^i^h^kffi700^  Whatever    may 

^^  be  the  ooefEL* 

Fw-  62.  cients  of  shxinb- 

age  and  sdW* 
dence,  the  lowering  of  the  grade  line  by  these  combined  efiPecta  irill- 
be  greater  for  a  high  than  for  a  low  embankment,  and  any  alloir» 
ance  must  be  in  principle  as  shown  in  Fig.  62.  From  8%  to  16% 
is  sometimes  quoted  as  the  required  extra  height  of  onbaiik* 
mentSy  although  it  is  strenuously  claimed  by  many  that  3%  or 
2%  is  sufficient,  or  even  that  no  allowance  should  be  madeu 
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laB.  Proper  AUoHrance  for  shrinkage  or  subsidence*  It  foUotrs 
from  the  abore  oonsiderations  that  no  simple  and  set  rules  may 
be  prescribed,  either  for  the  coefficient  of  shrinkage  (or  expan' 
sion)  or  for  the  coefficient  of  extra  height,  since  the  coefficients 
will  depend  on  the  kind  of  material,  its  depth  in  the  cutting, 
t^  method  of  formation  of  the  embankment,  the  time  during 
which  complete  settlement  is  assumed  to  take  place,  and  even 
on  the  intensity  of  the  traffic  which  will  run  over  the  embank- 
ment. And  also,  since  an  embankment  will  be  formed  from 
materials  taken  from  various  depths  of  excavation,  and  also 
from  various  cuttings  containing  perhaps  several  kinds  of  mate- 
rial, it  follows  that  the  real  coefficient  will  be  a  composite  figure 
whose  exact  value  will  be  impossible  to  determine,  even  if  Some 
of  the  elements  could  be  determined  with  substantial  accuracy. 
Therefore  the  allowance  to  be  made  when  forming  any  embank-^ 
ment  must  be  estimated  according  to  judgment,  after  allowing 
for  all  of  the  factors  involved.  The  following  figures  have  the 
weight  of  considerable  authority  and  may  be  used  as  a  guide 
in  making  up  a  composite  figure  which  will  best  suit  any  partic- 
ular case. 

Gravel  or  sand will  shrink  about    8 

Clay "        "  ••       10 

Loam " 

Loose  vegetable  surface  soil "        " 

Rock,  large  pieces ' '    expand 

••      small  pieced " 

To  utilize  such  figures  we  might  say,  for  example,  that,  if 
some  material  will  shrink  8%,  1000  cubic  yards  of  it,  measured 
in  place,  will  make  1000—80  =  920  cubic  yards  of  8Med  embank- 
ment. If  the  material  is  a  mixture  of  earth  and  rock,  for  which 
a  composite  figure  of  20%  expansion  is  estimated  to  bfe  correct, 
1000  cubic  yards  of  such  excavation  will  make  1200  cubic  yards 
of  settled  embankment.  Even  this  calculation  ignores  sub- 
sidence, which  must  be  estimated  separately. 

120.  Methods  of  forming  embankments.  £]mbankments  of 
moderate  height  are  sometimes  formed  by  scraping  material 
with  drag  scrapert  from  ditches  at  the  sides,  especially  if  there 
is  little  or  no  cutting  to  be  done  in  the  immediate  vicinity. 
Over  ft  low  level  swampy  stretch  this  method  has  the  double 
advttntaise  of  building  an  embankment  which  is  well  abov0 
the  general  level  and  also  provides  generous  drainage  ditchetf 
widch  keep  ttie  embankment  dry.  Wheeled  scrapers  may  be 
used  McROonidoally  up  to  a  distance  of  400  feet  to  excavate 
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cuts  and  deposit  the  material  on  low  embankments.  Such 
methods  have  the  advantage  of  compacting  the  embankments 
during  construction  and  reducing  future  shrinkage. 

When  carts  are  used,  an  embankment  of  any  height  may  be 
formed  by  "dumping  over  the  end"  and  building  to  the  full 
height  (or  even  higher  to  allow  for  shrinkage)  as  the  embank- 
ment proceeds.  The  method  is  especially  applicable  when  the 
material  comes  from  a  place  as  high  as  or  higher  than  the 
grade-line,  so  that  no  up-hill  hauling  is  necessaiy.  Only  a 
small  contractor's  plant  is  required  for  all  of  these  methods. 

Trestles  capable  of  carrying  carts,  or  even  cars  and  loco- 
motives, from  which  excavated  material  may  be  dropped,  are 
found  to  be  economical  in  spite  of  the  fact  that  their  cost  is  a 
construction  expense.  There  is  the  disadvantage  that  such 
embankments  require  a  long  time  to  settle,  but  there  are  the 
advantages  that  the  earth  may  be  hauled  by  the  train  load 
from  a  distance  of  perhaps  several  miles,  dumped  from  the 
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cars  by  tr^  ploughs,  or  automatically  diunped  when  the 
material  is  carried  in  patent  dumping-cars,  and  all  at  a  com- 
paratively small  cost  per  cubic  yard.  The  disadvantages  of 
slow  settlement  may  be  obviated,  although  at  some  additional 
cost,  by  making  the  trestle  sufficiently  strong  to  support  regular 
traffic  \mtil  the  settlement  is  complete. 

During  recent  years  cableways  have  been  utilised  to  fill 
comparatively  narrow  but  deep  ravines  from  material  obtaiiH 
able  on  either  side  of  the  ra>4ne.  This  method  obviates  tba 
construction  of  an  excessively  high  trestle  which  mi^t  other* 
^ise  be  considered  necessary. 

When  an  embankment  is  to  be  placed  on  a  steep  side  hfll 
which  has  a  slippery  clay  surfacCi  the  embankment  will 
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times  slide  down  the  hUl,  unless  means  are  taken  to  prevent  it. 
Some  sort  of  bond  between  the  old  surface  and  the  new  material 
becomes  necessary.  This  has  sometimes  been  provided  by 
cutting  out  steps  somewh&t  as  is  illustrated  m  Fig.  63.  It  is 
possible  that  a  deep  ploughing  of  the  surface  would  accom- 
plish the  result  just  as  effectively  and  much  cheaper.  The 
tendency  to  slip  is  generally  due  not  only  to  the  nature  of  the 
soil  but  also  to  the  usual  accompanying  characteristic  that  the 
soil  is  wet  and  springy.  The  sub-surface  drainage  of  such  a 
place  with  tile  drains  will  still  further  prevent  such  slipping, 
which  often  proves  very  troublesome  and  costly. 

COMPUTATION   OF   HAUL. 

130.  Nature  of  subject.  As  will  be  shov\7i  later  when  analyz- 
ing the  cost  of  earthwork,  the  most  variable  item  of  cost  is  thaf- 
depending  on  the  distance  hauled.  As  it  is  manifestly  imprac- 
ticable to  calculate  the  exact  distance  to  which  every  individual 
cartload  of  earth  has  been  moved,  it  bcconuis  necessary  to  devise 
a  means  which  will  give  at  least  an  equi\TiIont  of  the  haulage  of 
all  the  earth  moved.  Evidently  the  average  haul  for  any  mass 
of  earth  moved  is  equal  to  the  distance  from  the  center  of  grav- 
ity of  the  excavation  to  the  center  of  gravity  of  the  embank- 
ment formed  by  the  excavated  material.  As  a  rough  approxi- 
mation the  center  of  gravity  of  a  cut  (or  fill)  may  sometimes  be 
considered  to  coincide  with  the  center  of  gravity  of  that  part  of 
the  profile  representing  it,  but  the  error  is  frecjuently  very  large. 
The  center  of  gravity  may  be  determined  by  various  methods, 
but  the  method  of  the  "mass  diagram"  accomplishes  the  same 
ultimate  purpose  (the  determination  of  the  haul)  with  all-sufli- 
cient  accuracy  and  also  furnishes  other  valuable  information.   ^ 

131.  Mass  diagram.  In  Fig.  64  let  A'Z^' .  . ,  G'  represent 
a  profile  and  grade  line  drawn  to  the  usual  scales.  Assume  A' 
to  be  .  a  point  past  which  no  earthwork  will  be  hauled.  Such 
a  point  is  dctermincyd  by  natural  conditions,  as,  for  example,  a 
river  crossing,  or  one  end  of  a  long  level  stretch  along  which 
no  grading  is  to  be  done  except  the  formation  of  a  low  embank- 
ment from  the  material  excavated  from  ample  drainage  ditches 
on  each  side.  Above  the  profile  draw  an  indefinite  horizontal  line 
(AC'n  in  Fig.  64)  which  may  be  called  the  "  zero  line."  Above 
every  station  point  in  the  profile  draw  an  ordinate  (above  or  be- 
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low   the   zero   line)   which  will  represent  the  ftlgebraio  sum  oi 

the  cubic  yards  of  cut  and  fill 

(ciiHing  cut  +  and  fill  — )  from 

the  point  A'  to  the  point  con- 

sidprud.     The    coiiipiititlions   of 

these  ordiimtcs  should   first  be 

made  in  tabuhir  form  as  Bbown 

below.     In  doing  this  sbrinkage 

must  be  allowed  for  by  consider- 
ing    how     much     embankment 

would  actually  lie  made  by  so 

many  cubic  yards  of  pxcavation 

of  such  material.    Yor  example,    g" 

we  will  aaaumc  that  1000  cubic     « 

yardsof  sand  orgravel, measured     'i 

in  place   (sec   5  128)    will  make     £ 

about  920  cubic  yards  of  embank-    | 

ment;    thcrpforc  all   cuttings  in     0 

sand   or   gravel    should  be  dis-     S 

counted   in   about   tliis  propor-     S 

tion.  Evcavations  in  nH'k  should 

bo  increased  in  the  proper 
ratio.  In  short,  all  excaialions 
should  be  valued  according  to  the 
amount  of  settled  cniluinkmcnt 
that  could  be  made  from  Ihcm. 
riaco  in  the  first  colunm  a  list 
of  the  stations;  in  llie  setond 
column, the  number  of  eubie  yards 
of  cut  or  fill  between  each  station 
and   the   preceding   station;    in 

the  third  and  fuurlh  colutniix,  the  kind  of  material  and  the  pnqwr 
shrinkage  factor;  in  the  fiflli  coIuluh,  a  repetition  of  tlie  quan- 
tities in  cubic  yards,  except  that  the  excavations  arc  diminiahed 
(or  incri'ased,  in  the  case  of  rock)  to  the  number  of  cubic  yards 
of  settled  embankment  which  may  be  made  from  them.  In 
the  sixth  colunm  place  the  algebraic  sum  of  the  quantitieaill  the 
fifth  eotumn  (<'alling  cuts  +  and  fills  ~)  from  the  starting 
point  to  the  stLition  considered.  These  algebraic  suma  at  Cftclt 
station  will  be  the  urdinalcs,  drawn  lo  sonie  scale,  of  the  HUM 
curve.    The  scale  lo  bu  used  will  depend  somewhat  on  whether 
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the  work  is  heavy  or  light,  but  for  ordinary  cases  a  scale  of 
50CX)  cubic  yards  per  inch  may  be  used.  Drawing  these  ordi- 
nates  to  scale,  a  curve  i4 ,  Hj  , .  .0  may  be  obtained  by  joining 
the  extremities  of  the  ordinates. 


Sta. 

Y.«l.|  Sll'l 

Material. 

Shrinkage 
factor. 

Yanlp, 

reduced 

f«.r 

shrinkage. 

Ordinate 

in  mass 

curve. 

46  +  70 

0 

47 
48 

+  60 
49 

4-     195 
4-  1792 
4-    614 

-  143 
.  -    906 

-  1985 

-  1721 

-  112 
4-     177 
4-     180 

-  52 

-  71 
4-    276 
4-  1242 
4-  1302 

Clayey  soil 

«i                  41 

-  10  per  cent 

-  10 

-  10 

4-     175 
4-  1613 
4-    5.53 

-  143 

-  906 

-  198.5 

-  1721 

-  112 
+     283 
4-    289 

-  52 

-  71 
4-    249 
4-  1118 
4-  1172 

4-     175 
4-  1788 
4  2341 
4  2198 

50 

4-  1292 

51 

—    693 

52 

• 

-  2414 

4-  30 

-  2526 

53 

4-  70 
54 

Hard  rock 

+  60  per  cent 
+  60 

-  2243 
-•  1954 

-  2(K)6 

4-  42 

-  2077 

55 
56 
67 

Clavey  soil 

it                  at 
•  •                  It 

-  10  per  cent 

-  10 
~  10 

-  1828 

-  710 
4-    462 

132.  Properties  of  the  mass  curve. 

1.  ITic  curve  will  be  rising  while  over  cuts  and  falling  while 
over  fills. 

2.  A  tangent  to  the  curve  will  be  horizontal  (as  at  B,  D,  E, 
Fj  and  G)  when  passing  from  cut  to  fill  or  from  fill  to  cut. 

3  When  the  ciu*ve  is  below  the  "zero  line"  it  shows  that 
material  must  be  drawn  backward  (to  the  left) ;  and  vice  versa-j 
when  the  curve  is  adore  the  zero  line  it  shows  that  material 
must  be  drawn  forward  (to  the  right) . 

4.  When  the  curve  crosses  the  zero  line  (jis  at  A  and  C)  it 
shows  (in  this  instance)  that  the  cut  between  A'  and  B'  will  just 
prqvide  the  material  required  for  the  fill  betwet^n  B'  and  C,  and 
that  no  material  should  be  hauled  past  C\  or,  in  general,  past 
any  interBection  of  the  mass  curve  and  the  zero  line. 

5.  If  any  horizontal  line  be  drawn  (as  a&),  it  indicates  that 
the  cut  and  fill  between  a'  and  b'  will  just  balance. 

6.  When  the  center  of  gravity  of  a  given  volume  of  material 
is  to  be  moved  a  given  distance,  it  makes  no  difference  (at  least 
theoretically)  how  far  each  individual  load  may  be  hauled  or 
how  any  individual  load  may  be  disposed  of.    The  summation 
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of  the  products  of  each  load  times  the  distance  hauled  will  be  a 
constant,  whatever  the  method,  and  will  equal  the  total  voluine 
times  the  movement  of  the  center  of  gravity.  The  avierage 
haul,  which  is  the  movement  of  the  center  of  gravity,  will  there- 
fore equal  the  summation  of  these  products  divided  by  the  total 
volume.  If  we  draw  two  horizontal  parallel  lines  at  an  infini- 
tesimal distance  dx  apart,  as  at  ah,  the  small  increment  of  cut 
dx  at  a'  will  fill  the  corresponding  increment  of  fill  at  6',  and 
this  material  must  be  hauled  the  distance  ab.  Therefore  the 
product  of  ab  and  dx,  which  is  the  product  of  distance  times 
volume,  is  represented  by  the  area  of  the  infinitesimal  rectangle 
at  ab,  and  the  total  area  ABC  represents  the  summation  of 
volume  times  distance  for  all  the  earth  movement  between  A' 
and  C.  This  summation  of-  products  divided  by  the  total 
volume  gives  the  average  haul. 

7.  The  horizontal  line,  tangent  at  E  and  cutting  the  curve 
at  e,  f,  and  g,  shows  that  the  cut  and  fill  between  e'  and  E'  will 
just  balance,  and  that  a  possible  method  of  hauling  (whether 
desirable  or  not)  would  be  to  "  borrow"  earth  for  tlie  fill  between 
C  and  c',  use  the  material  between  D'  and  £"  for  the  fill  between 
c'  and  D',  and  similarly  balance  cut  and  fill  between  E'  and  /* 
and  also  between  /'  and  g\ 

8.  Similarly  the  horizontal  line  hklm  may  be  dra^n  cutting 
the  curve,  which  will  show  another  possible  method  of  hauling. 
Aircording  to  this  plan,  the  fill  between  C  and  h'  would  be 
made  by  borrowing;  the  cut  and  fill  between  h'  and  k'  would 
balance;  also  that  between  k'  and  V  and  betwwn  V  and  m'. 
Since  the  area  ehDkE  represents  the  measure  of  haul  for  the 
earth  between  e'  and  E\  and  the  other  areas  measure  tlie  corre- 
sponding hauls  similarly,  it  is  evident  that  the  sum  of  the  areas 
ehDkE  and  ElFmf,  which  is  the  measure  of  haul  of  all  the 
material  between  e'  and  /',  is  largely  in  excess  of  the  sum  ef 
the  areas  hDk,  kEl,  and  IFm,  plus  the  somewhat  uncertain 
measures  of  haul  due  to  borrowing  material  for  c'h'  and  wasting 
the  material  between  w'  and  /'.  Therefore  to  make  the  meas- 
ure of  haul  a  minimum  a  line  should  be  drawn  which  will  make 
the  sum  of  the  areas  between  it  and  the  mass  curve  a  minimum^ 
Of  course  this  is  not  necessarily  the  chcape3*  plan,  as  it  implies 
more  or  less  borrowing  and  wasting  of  material,  which  may 
cost  more  than  the  amount  saved  in  haul.  The  comparisoa  of 
the  two  methods  is  quite  simple,  however.    Since  the  amount 
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of  fill  between  e'  and  W  is  represented  by  the  difference  of  the 
ordinates  at  e  and  A,  and  similarly  for  m'  and  f,  it  follows  that 
the  amount  to  be  borrowed  between  e^  and  h'  will  exactly  equal 
the  amount  wasted  between  m'  and  /'.  By  the  first  of  the  above 
methods  the  haul  is  excessive,  but  is  definitely  known  from  the 
ma«B  diagram,  and  all  of  the  material  is  utihzed ;  by  the  second 
method  the  haul  is  redueed  to  about  one-half,  but  there  is  a 
known  quantity  in  cubic  yards  wasted  at  one  place  and  the  same 
quantity  borrowed  at  another.  The  length  of  haul  necessary 
for  the  borrowed  material  would  need  to  be  ascertained;  also 
the  haul  necessary  to  waste  the  other  material  at  a  place  where 
it  would  be  unobjectionable.  Frequently  this  is  best  done  by 
widening  an  embankment  beyond  its  nccessaiy  width.  The 
computation  of  the  relative  cost  of  the  above  methods  will  be 
discussed  later  ({  148). 

9.  Suppose  that  it  were  deemed  best,  after  drawing  the  mass 
curve,  to  introduce  a  trestle  between  s'  and  v',  thus  saving  an 
amount  in  fill  equal  to  iv.  If  such  had  been  the  original  design, 
the  mass  curve  would  have  been  a  straight  horizontal  line  between 
<  and  i  and  would  continue  as  a  curve  which  would  be  at  all 
points  a  distance  tv  above  the  curve  vFmzfOg.  If  the  hne  Ef  is 
to  be  used  as  a  zero  line,  its  intersection  with  the  new  curve  at  x 
will  show  that  the  material  between  E'  and  z^  will  just  balance 
if  the  trestle  is  used,  and  that  the  amount  of  haul  will  be  meas- 
ured by  the  area  between  the  line  Ex  and  the  broken  line  Estx. 
The  same  computed  result  may  be  obtained  without  drawing 
the .  auxiliary  curve  txn ...  by  drawing  the  horizontal  line  zy 
at  a  distance  xx(  ^tv)  below  Ex,  The  amount  of  the  haul  can 
then  be  obtained  by  adding  the  triangular  area  between  Es  and 
the  horizontal  line  Ex^  the  rectangle  between  st  and  Ex^  and  the 
irregular  area  between  vFz  and  y  .  . .  z  (which  last  is  evidently 
equal  to  the  area  between  tx  and  E  .  .  .x).  The  disposal  of  the 
material  at  the  right  of  zf  would  then  be  governed  by  the  indica- 
tion^  of  the  profile  and  mass  diagram  which  would  be  found  at 
the  right  of  i/.  In  fact  it  is  difficult  to  decide  with  the  best  of 
judgment  as  to  the  proper  disposal  of  material  without  having 
a  mass  diagram  extending  to  a  considerable  distance  each  side 
of  that  part  of  the  road  under  immediate  consideration. 

133.  Area  of  the  mass  curve.  The  area  may  be  computed 
most  readily  by  means  of  a  planinietcr,  which  is  capable  with 
NMonable  oare  of  measuring  such  areas  with  as  great  accuracy 
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as  is  necessary  for  this  work.  If  no  such  instrument  is  obtain-^ 
able,  the  area  may  be  obtained  by  an  application  of  "  Simpson's 
rule."  The  ordinates  will  usually  be  spaced  100  feet  apart 
Select  an  even  number  of  such  spaces,  leaving,  if  necessaryi  one 
or  more  triangles  or  trapezoids  at  the  ends  for  separate  ftnd 
independent  computation.  Let  i/o  •  •  •  2/n  be  the  ordinates,  i.e.| 
the  number  pf  cubic  yards  at  each  station  of  the  mass  curve,  of 
the  figures  of  "column  six"  referred  to  in  §  13 L  Let  the  imi* 
form  distance  between  ordinates  (« 100  feet)  be  called  1,  i^., 
one  stcUion,  Then  the  units  of  the  resulting  area  will  be  cubio 
yards  hauled  one  station.    Then  the 

Area-. iLi/o +4(1/1 -fyj-*-  •  •  .y(n-l)+ 2(^2+^4+ . .  •V(ii>-s)+yiJ«      (62) 

When  an  ordinate  occurs  at  a  substation,  the  best  plan  is  to 
ignore  it  at  first  and  calculate  the  area  as  above.  Then,  if  the 
difTerence  involved  is  too  great  to  be.  neglected,  calculate  tho 
area  of  the  triangle  having  the  extremity  of  the  ordinate  at  the 
substation  as  an  ape:sL|  and  the  extremities  of  the  ordinates  at  the 
adjacent  stations  as  the  ends  of  the  base.  This  may  be  done  by 
finding  the  ordinate  at  the  substation  that  would  be  a  propor* 
tional  between  the  ordinates  at  the  adjacent  full  stations.  Sub^ 
tract  this  from  the  real  ordinate  (or  rice  veran)  and  multiply  the 
difference  by  iXl.  An  inspection  will  often  show  that  the 
correction  thus  obtained  would  be  too  small  to  be  worthy  of  con- 
sideration. If  there  is  more  than  one  substation  between  two 
full  stations,  the  corrective  area  will  consist  of  two  triangles  and 
one  or  niore  trapezoids  which  may  be  similarly  oomputedj  if 
necessary. 

When  the  zero  line  (Fig.  64)  is  shifted  to  eE,  the  drop  from 
AC  (produced),  to  E  is  known  in  the  same  units,  cubic  y«cbL 
This  constant  may  be  subtracted  from  the  numljers  ("column 
6,"  §  131)  representing  the  ordinates,  and  will  thus  give,  with' 
out  any  scaling  from  the  diagram,  the  exact  value  of  the  modi' 
fied  ordinates. 

134.  Value  of  the  mass  diagram.  The  great  value  of  the  nuM 
diagram  lies  in  the  readiness  with  which  different  plans  for  the 
disposal  of  material  may  be  examined  and  compared.  WheA 
the  mass  curve  is  once  drawn,  it  will  generally  require  only  a 
shifting  of  the  horizontal  line  to  show  the  disposal  of  the  materilt 
by  any  proposed  method.    The  mass  diagram  also  shows  tk^ 
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extreme  length  of  haul  that  ^vill  be  required  by  any  proposed 
method  of  disposal  of  material.  This  brings  into  consideration 
the  "limit  of  profitable  haul/'  which  will  be  fully  discussed  in 
1 148.  For  the  present  it  may  be  said  that  with  each  method 
of  carrying  material  there  is  some  limit  beyond  which  the  expense 
of  hauling  will  exceed  the  loss  resulting  from  borrowing  and 
wasting.  With  wheelbarrows  and  scrapers  the  limit  of  profit- 
able haul  ia  comparatively  short,  with  carts  and  tram-cars  it  is 
much  longer,  while  with  locomotives  and  cars  it  may  bo  several 
miles.  If,  in  Fig.  64,  eE  or  E\  exceeds  the  limit  of  profital)le 
haul,  it  shows  at  once  that  some  such  line  as  hklm  should  be 
drawn  and  the  material  dispos(Hl  of  accordingly. 

135.  Changing  the  grade  line.  The  fonnation  of  the  mass 
curve  and  the  resulting  plans  as  to  the  disposal  of  material  are 
based  on  the  mutual  relations  of  the  grade  line  and  the  surface 
profile  and  the  amounts  of  cut  and  fill  which  are  thereby  im- 
plied. If  the  grade  line  is  allered,  ever>'  cross-section  ia  altered, 
the  amount  of  cut  and  fill  is  altered,  and  tlie  mass  curve  is  also 
changed.  At  the  farther  limit  of  the  actual  change  of  the  grade 
line  the  revised  mass  curve  will  have  (in  general)  a  different 
ordinate  from  the  previous  ordinate  at  that  point.  From  that 
pomt  on,  the  revised  mass  curve  will  bo  parallel  to  its  former 
position,  and  the  revised  curve  may  be  treated  similarly  to  the 
case  previously  mentioned  in  which  a  trestle  was  introduced. 
Since  it  involves  tedious  calculations  to  det(*nnine  accurately 
how  much  the  volume  of  earthwork  is  altered  ])y  a  change  in 
grade  line,  especially  through  irregular  country,  the  effect  on 
the  mass  c^u:^'e  of  a  change  in  the  grade  line  cannot  therefore 
be  readily  determined  except  in  an  approximate  way.  liaising 
the  grade  line  will  evidently  increase  the  fills  and  dinu'nish  the 
cuts,  and  vice  V€r8a\  Therefore  if  the  mass  curve*  indicated,  for 
example,  either  an  excessively  long  haul  or  the  necessity  for 
borrowing  material  (implying  a  fill)  and  wasting  material 
farther  on  (implying  a  cut),  it  would  be  posfn'ble  to  diminish  the 
fill  (and  hence  the  amount  of  material  to  be  !)orrowe<l)  by  lower- 
ing the  grade  line  near  that  })lace,  and  diminisli  tluj  cut  (and 
hence  the  amount  of  material  to  be"  wasted)  by  raising  the 
grade  line  at  or  near  the  place  farther  on.  AVlK^ther  the  advan- 
tage thus  gained  would  compensate  for  the  possibly  injurious 
efifect  of  these  changes  on  the  grade  line  would  require  patient 
investigation.    But  the  method  outlined  shows  how  the  mass 
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curve  might  be  used  to  indicate  a  possible  change  in  grade  line 
which  might  be  demonstrated  to  be  profitable. 
I  136.  Limit  of  free  haul.  It  is  sometimes  specified  in  con- 
tracts for  earthwork  that  all  material  shall  be  entitled  to  free 
haul  up  to  some  specified  limit,  say  500  or  1000  feet,  and  that 
all  material  drawn  farther  than  that  shall  be  entitled  to  an 
allowance  on  the  excess  of  distance.  It  is  manifestly  imprac- 
ticable to  measure  the  excess  for  each  load,  as  much  ao  aa  to 
measure  the  actual  haul  of  each  load.  The  mass  diagram  alao 
solves  this  problem  very  readily.     Let  Fig.  65  represent  a  pro- 
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file  and  mass  diagram  of  about  2000  feet  of  road,  and  suppon 
that  800  feet  is  taken  as  the  limit  of  free  haul.  Find  two  pointo» 
a  and  6,  in  the  mai«  curve  which  arc  on  the  same  harizonial  Um' 
and  which  are  SCO  feet  apart.  Project  these  pcnnts.down  to  tf, 
and  b'.  Then  the  cut  and  fill  l^etween  a'  and  h'  ¥rill  just  balance^ 
and  the  cut  between  .1 '  and  a'  will  be  needed  for  the  fiU  between 
h'  and  C\  In  the  mass  curv^e,  the  area  between  the  horiaoutaL 
line  ab  and  thecur^-e  aBb  represents  the  haulage  of  the  material 
betw(;en  a'  and  b\  which  is  all  free.  The  rectangle  abmn  vepn- 
sents  the  haulage  of  the  material  in  the  cut  A'a'  acroeB  the  800 
feet  from  a'  to  b'.  This  is  also  free.  The  sum  of  the  two  axeaa 
A  am  and  bnC  represents  the  haulage  entitled  to  an  aUowanoet 
since  it  is  the  summation  of  the  product^s  of  cubic  yarda  tjmf 
the  excess  of  distance  hauled.  ^ 

Jf  the  amount  of  cut  and  fill  was  s>'nmietrical  about  the  poiak'C 
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F,  the  mass  cUrve  would  be  a  symmetrical  curve  about  the 
vertical  line  through  B,  and  the  two  limiting  line^  of  free  haul 
would  be  placed  symmetrically  about  B  and  B\  In  general 
there  i»  no  such  symmetry,  and  frequently  tho  difference  is  con- 
siderable The  area  aBbnm  will  be  matx;riully  changed  accord- 
ing 88  the  two  vertical  lines  am  and  bn,  always  800  feet  apart, 
are  shifted  to  the  right  or  left.  It  is  easy  to  show  that  the  area 
aBbnm  is  a  maximum  when  ab  is  horizontal.  The  minimum 
value  would  be  obtained  either  when  m  reached  A  or  n  reached 
C,  depending  on  the  exact  form  of  the  curve.  Since  the  posi- 
tion for  the  minimum  value  is  manifestly  unfair,  the  best  definite 
value  obtainable  is  the  maximum,  which  must  be  obtain(>d  us 
above  described.  Since  aBbnm  is  made  maximum,  the  remainder 
of  the  area,  which  is  the  allowance  for  overhaul,  becomes  a  mini- 
mum. The  areas  Aam  and  bCn  may  be  obtained  as  in  §  120. 
If  the  whole  area  AaBbCA  has  been  previously  computed,  it 
may  be  more  convenient  to  compute  the  area  aBbnm  and  sub- 
tract it  from  the  total  area. 

Since  the  intersections  of  the  mass  curve  and  the  ''zero  line'' 
mark  limits  past  which  no  material  is  drawn,  it  follows  that 
there  will  be  no  allowance  for  overhaul  except  where  the  dis- 
tance between  consecutive  intersections  of  the  zero  line  and  mass 
curve  exceeds  the  limit  of  free  haul. 

Frequently  all  allowances  for  overhaul  are  disregarded;  the 
profiler,  estimates  of  quantities,  and  the  required  disposal  of 
material  are  shown  to  bidding  contractors,  and  they  must  then 
make  their  own  allowances  and  bid  accordingly.  This  method 
has  the  advantage  of  avoiding  possible  disputes  as  to  the  amount 
of  the  overhaul  allowance,  and  is  popular  with  railroad  com- 
panies on  jthifl  account.  On  the  other  hand  the  facility  with 
which  different  plans  for  the  disposal  of  material  may  be  studied 
aad  compared  by  the  mass-curve  method  facilitates  the  adopt  ion 
of  the  moet  economical  plan,  and  the  elimination  of  uncertainty 
will  frequently  lead  to  a  safe  reduction  of  the  bid,  and  so  the 
method  Is  valuable  to  both  the  railroad  company  and  the  con- 
tractor. 

SUBMENTS  OP  THE  COST  OF  EARTHWORK. 

Z37.  Asudjrsb  of  the  total  cost  into  items.  The  variation  in 
the  total  coat  of  excavating  earthwork,  hauling  it  a  greater  or 
IfliB  difltauce,  and  forming  with  it  an  embankment  of  definite 
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form  or  wasting  it  on  a  spoil  bank,  is  so  great  that  the  only 
possible  method  of  estimating  the  cost  under  certain  a4S8umed 
conditions  is  to  separate  the  total  cost  into  elementary 'itemflu 
Ellwood  Morris  was  perhaps  the  first  to  develop  such  a  method 
— seer  Journal  of  the  Franklin  Institute,  September  and  October, 
1841.  Trautwine  used  the  same  general  method  with 
modifications.  The  following  analysis  will  follow  the 
general  plan,  will  quote  some  of  the  figures  given  by  Monii 
and  by  Trautwine,  but  will  also  include  facts  and  figures  better 
adapted  to  modern  conditions.  Since  every  item  of  cost  (ezoept 
interest  on  cost  of  plant  and  its  depreciation)  is  a  direct  fiinctiOB 
of  the  current  price  of  common  labor,  all  calculations  will  be 
based  on  the  simple  unit  of  $1  per  day.  Then  the  actual  eoflfc 
may  be  obtained  by  multiplying  the  calculated  cost  under  liia 
given  conditions  by  the  current  price  of  day  labor.  Wheo 
possible,  figures  will  be  quoted  giving  the  cost  of  all  items  of 
work  on  a  loose  sandy  soil  which  is  the  easiest  to  work  and  abo 
for  the  cost  of  the  heaviest  soils^  such  as  stiff  clay  and  hard  pan. 
These  represent  the  extremes,  excluding  rock,  which  will  be 
treated  separately.  The  cost  of  intermediate  grades  may  bs 
interpolated  between  the  extreme  values  according  to  the 
judgment  of  the  engineer  as  to  the  character  of  the  soil. 

The  possible  division  into  items  varies  greatly  according  to 
the  method  adopted,  but  the  diilerentiation  into  items  given 
below  (which  is  strictly  applicable  to  the  old  fashioned  aSmplflf 
methods  of  work)  can  usually  be  applied  to  any  other  method 
by  merely  combining  or  eliminating  some  of  the  items.  3fas 
items  are 

1.  Loosening  the  natural  soil. 

2.  Loading  the  soil  into  whatever  carrier  may  be  tidied. 

3.  Hauling  excavated  material  from  excavation  to  fnbaafc- 

ment  or  spoil  bank. 

4.  Spreading  or  distributing  the  soil  on  the  embankmenti 

5.  Keeping  roadways  or  tracks  in  good  running  order. 

6.  Trimming  cuts  to  their  proper  cross-section  (sonietimtf 

called  "sandpapering"). 

7.  Repairs,  wear,  depreciation,  and  interest  on  cost  of  plaot. 

8.  SuiMjrintendence  and  incidentals. 

138.  Item  I.  Loosening,  (a)  Ploughs.  Very  light  Wfodf 
soils  can  frequently  be  shovelled  without  any  previous  loosen- 
ingy  but  it  is  generally  economical,  even  with  very  light  materialt 
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to  use  a  plough.  Morris  quotes,  as  the  results  of  experiments, 
that  a  three-horse  plough  would  l(X)sen  from  250  to  800  cubic 
jrardfl  of  earth  per  day,  which  at  a  valuation  of  $5  per  day 
would  make  the  cost  per  yanl  vary  from  2  cents  to  0.6  cent. 
Trautwine  jestimates  the  cost  on  the  basis  of  two  men  handling 
a  two-horse  plough  at  a  total  (;oBt  of  $3.87  per  day,  being  $1 
each  for  the  men,  75  c.  for  each  horse,  and  an  allowance  of 
37  c.  for  the  plough,  harness,  etc.  From  200  to  COO  cubic  yarda 
is  eetimated  a^  a  fair  day's  work,  which  makes  a  cost  of  1.9  c. 
to  0.G5  c.  per  yard,  which  is  substantially  the  same  estimate 
M  above.  Extremely  heavy  soils  have  sometimes  been  loosened 
by  means  of  special  plouglis  operated  by  traction-engines. 

Gillette  estimates  that  "a  two-horse  team  with  a  driver  and 
a  man  holding  the  plough  will  loosen  25  cubic  yards  of  fairly 
tough  clay,  or  35  cubic  yards  of  gravel  and  loam  i>er  hour." 
For  ten  hours  per  day  tliis  would  be  250  to  350  cubic  yarda 
per  day.  These  values  are  neither  as  high  nor  as  low  as  the 
extremes  above  noted.  It  is  probably  very  seldom  that  a  soil 
will  be  60  light  that  a  two-horse  (or  three-horse)  2)lough  can 
loosen  as  much  as  600  (or  800)  cubic  yards  per  day. 

It  is  sometimes  necessary  to  i)lough  up  a  macadamized  street. 
This  nmay  be  done  by  using  as  a  plough  a  pointed  steel  bar 
which  is  fastened  to  a  very  strong  plough  fmme.  A  prclimi* 
naiy  hole  must  be  made  which  will  start  the  bar  under  the 
ypfu*siAa.m  shell.  Then,  as  the  i)lough  is  drawn  ahead,  the  shell 
is  ripped  up.  Four  or  six  horses,  or  even  a  traction-engine, 
are  used  for  such  work.  Gillette  (quotes  two  such  cajses  where 
the  cost  of  such  loosening  woa  2  c.  and  6  c.  per  cubic  yard, 
with  conmion  labor  at  15  c.  per  hour.  Two-thirds  of  such 
figures  will  reduce  them  to  the  $1  x)er  day  basis.  Tlio  cost  for 
ploughing  on  the  $1  per  XO-hour-iUuj  basis  may  tluTcfore  be  sum- 
marized as  foUo^'s: 

For  very  loose  sandy  soils 0.6  c.  per  cubic  yard 

««      "    heavyclay    *'    2.0c.  *'      "       " 

**  hard  pan  and  macadam,  up  to  .. .  4.0  c.  **      *'      " 

(b)  Picks.  When  picks  are  used  for  loosening  the  earth,  as 
is  frequently  necessary  and  as  is  often  done  when  ploughing 
would  perha|MB  be  really  cheaper,  an  estimate  *  for  a  fair  day's 

♦  Trautwine. 
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work  is  from  14  to  60  cubic  yards,  the  14  yards  being  the  esti- 
mate for  stiff  clay  or  cemented  gravel,  and  the  60  yards  the  esU- 
mate  for  the  lightest  soil  that  would  require  loosening.  At  $1 
per  day  this  means  about  7  c.  to  1.7  c.  per  cubic  yard,  which  ii 
about  three  times  the  cost  of  ploughing.  Five  feet  of  the  face 
is  estimated  *  as  the  least  width  along  the  face  of  a  bank  that 
should  be  allowed  to  enable  each  laborer  to  work  with  freedom 
and  hence  economically. 

(c)  Blasting.  Although  some  of  the  softer  shaly  rocks  may 
be  loosened  with  a  pick  for  about  15  to  20  c.  per  yard,  yet  rock 
in  general,  frozen  earth,  and  sometimes  e\;en  compact  clay  are 
most  economically  loosened  by  blasting.  The  subject  of  blast- 
ing will  be  taken  up  later,  §§  149-155. 

(d)  Steam-shovels.  The  items  of  loosening  and  loading 
merge  together  with  this  method,  which  will  therefore  be  treated 
in  the  next  section. 

139.  Item  2.  Loading,  (a)  Hand-shovelling.  Much  depends 
on  proper  management,  so  that  the  shovellers  need  not  wait  un- 
duly either  for  material  or  carts.  With  the  best  of  management 
considerable  time  is  thus  lost,  and  yet  the  intervals  of  rest 
need  not  be  considered  as  entirely  lost,  as  it  enables  the  men  to 
work,  while  actually  loading,  at  a  rate  which  it  would  be  phyai* 
cally  impossible  for  them  to  maintain  for  ten  hours.  Seven 
shovellers  are  sometimes  allowed  for  each  cart;  otherwise  there 
should  be  five,  two  on  each  side  and  one  in  the  rear.  Economy 
requires  that  the  number  of  loads  per  cart  per  day  should  be 
made  as  large  as  possible,  and  it  is  therefore  wise  to  employ  na 
laary  shovellers  as  can  work  without  mutual  interference  and 
without  wasting  time  in  waiting  for  material  or  carts.  The 
figures  obtainable  for  the  cost  of  this  item  are  imsatisfactory  on 
account  of  their  large  disagreements.  The  following  are  quoted 
as  the  number  of  cubic  yards  that  can  be  loaded  into  a  cart  by 
an  average  laborer  in  a  working  day  of  ten  hours,  the  lower 
estimate  referring  to  hoax-y  soils,  and  the  higher  to  light  sandy 
soils:  10  to  14  cubic  yards  (Morris),  12  to  17  cubic  yards  (Has- 
koll),  18  to  22  cubic  yards  (Hurst),  17  to  24  cubic  yards  (Traut- 
wine),  16  to  48  cubic  yards  (Ancelin).  As  these  estimates 
generally  claimed  to  be  based  on  actual  experience,  the 
ancics  are  probably  due  to  differences  of  management.     If  tfaa 

*  Hurst. 
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average  of  15  to  25  cubic  yards  be  accepted,  it  means,  on  the 
basis  of  $1  per  day,  6.7  c.  to  4  c.  per  cubic  yard.  These  esti- 
mates apply  only  to  earth.  Rockwork  costs  more,  not  only 
because  it  is  harder  to  handle,  but  because  a  cubic  yard  of  solid 
roek,  measured  in  place,  occupies  about  l.S  cubic  yards  when 
broken  up,  while  a  cubic  yard  of  earth  will  occupy  about  1.2 
cubic  yards.  Rockwork  will  therefore  require  about  50%  more 
loadiBf  to  haul  a  given  volume,  measured  in  pldce,  than  will  the 
same  nominal  volume  of  earthwork.  The  above  authorities  give 
estimates  for  loading  rock  varying  from  6.9  c.  to  10  c.  per  cubic 
yard.  The  above  estimates  apply  only  to  the  loading  of  carts 
or  cars  vfith  shovels  or  by  hand  (loading  masses  of  rock).  The 
cost  of  loading  wheelbarrows  and  the  cost  of  scraper  work  will 
be  treated  under  the  item  of  hauling. 

(b)  St«*m-«hovels.*  Whenever  the  magnitude  of  the  work 
will  warrant  it  there  is  great  economy  in  the  use  of  steam-shovels. 
These  have  a  "bucket"  or  "dipper"  on  the  end  of  a  long  beam, 
the  bucket  having  a  capacity  varying  from  J  to  2}  cubic  yards. 
Steam-shovels  handle  all  kinds  of  material  from  the  softest 
earth  to  shale  rock,  earthy  material  containing  large  boulders, 
tree-stumps,  etc.  The  record  of  work  done  varies  from  200  to 
1000  cubic  yards  in  10  hours.  They  perform  all  the  work  of 
loosening  and  loading.  Their  economical  working  requires  that 
the  material  shall  be  hauled  away  as  fast  as  it  can  be  loaded, 
which  usually  means  that  cars  on  a  track,  hauled  by  horses  or 
mules,  or  still  better  by  a  locomotive,  shall  be  used.  The  ex- 
penses for  a  steam-shovel,  costing  about  $5000,  will  average 
about  $1800  per  month.  Of  this  the  engineer  may  get  $100 ;  the 
fireman  $50;  the  cranesman  $90;  repairs  perhaps  $250  to  $300; 
coal,  from  15  to  25  tons,  cost  very  variable  on  account  of  expen- 
rive  hauling;  water,  a  very  uncertain  amount,  sometimes  costing 
$100  l>er  month;  about  five  laborers  and  a  foreman,  the  laborers 
getting  $1.25  per  day  and  the  foreman  $2.50  per  day,  which  will 
amount  to  $227.50  per  month.  This  gang  of  laborers  is  employed 
in  shifting  the  shovel  when  necessary,  taking  up  and  relaying 


*  For  a  tfaonm^  treatment  of  the  capabilities,  cost,  and  management 
of  nt4win  ■hirmlii  the  reader  is  referred  to  '*  Steam-shovels  and  Steam-shovel 
Work."  by  B.  A.  Hermann.     D.  Van  Nostrand  Co.,  New  York. 

Thte  book  is  now  out  of  print.  "  Earthwork  and  its  Cost,"  by  H.  P.  Gil' 
letto,  to  irfiioh  the  student  is  referred  for  a  more  elaborate  exposition  of  the 
•ohieeti  hm  mtd  many  of  Hermann's  cuts. 
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tracks  for  ihe  c&tq,  shifting  loaded  and  unloaded  eftri^  efco.    In 
shovelling  through  a  deep  eut«  the  shovel  is  operated  so  as  to 
undermine  the  upper  parts  of  the  cut«  which  then  fall  down 
within  reach  of  the  shovel,  thus  increasing  the  amoxint  of  material 
handled  for  each  new  position  of  the  shoveL    If  the  materiaL  li 
too  tough  to  fall  down  by  its  own  weight,  it  is  (Bometimea  found 
economical  to  employ  a  gang  of  men  to  loosen  it  or  even  blast  it 
rather  than  shift  the  shovel  so  frequently.     Non-oondenung 
engines  of  50  horse-power  use  so  much  water  that  the  cost  of 
water-supply  becomes  a  serious  matter  if  water  is  not  readily 
obtainable.    The  lack  of  water  facilities  will  often  justify  tbo 
construction  of  a  pipe  line  from  some  distant  source  and  the 
installation  of   a  steam-pump.     Hence  the  seemingly  largo 
estimate  of  $100  per  month  for  water-supply^  although  under 
favorable  circumstances  the  cost  may  almost  vanish.    The  larger 
steam-shovels  will  consume  nearly  a  ton  of  coal  per  day  of  10 
hours.    The  expense  of  hauling  this  coal  from  the  nearest  rail* 
road  or  canal  to  the  location  of  the  cut  Is  often  a  very  serious 
item  of  expense  and  may  easily  double  the  cost  per  ton.    Soma 
steam-shovels  have  been  constructed  to  be  operated  by  eleotrioity 
obtained  from  a  plant  perhaps  several  miles  away.     Suoih  a 
method  is  especially  advantageous  when  fuel  and  water  are  diffi- 
cult to  obtain. 

The  following  general  requirements  and  specifications  wiero 
recommended  in  1907  by  the  American  Railway  Engineering 
Asijociation: 

Three  important  cardinal  points  should  be  given  canful 
attention  in  the  selection  of  a  steam-shovel.  These  are  in  their 
order 

(1)  Care  in  the  selection,  inspection  and  acceptance  of  att 
material  that  enters  into  every  part  of  the  machine. 

(2)  Design  for  strength. 

(3)  Design  for  production. 

GENERAL  SPECIFICATIONS. 

Weight  of  shovel:  Seventy  (70)  tons. 
Capacity  of  dipper:  Two  and  one-half  (21)  yards. 
Steam  pressure:  One  himdred  and  twenty  (120)  poundsi. 
^ear  height  above  rail  of  shovel  track  at  which  dipper  aboidd 
id:  Sixteen  (16)  feet. 
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Depth  b^w  ran  of  shovel  tedk  at  which  dipper  ^uld  dig 
Four  (4)  feet. 

Number  of  movements  of  dipper  per  minute  from  time  of 
entering  bank  to  entering  bank:  Three  (3). 

Character  of- hoist:  Cable. 

Character  of  swing:  Cable. 

Character  of  housing:  Permanent  for  all  employes. 

Capacity  of  tank:  Two  thousand  (2000)  gallons. 

Capacity  of  ooal-bunker:  Four  (4)  tons. 

Spread  of  jack  arm:  Eighteen  (18)  feet.  A  special  ihort  arm 
should  be  provided. 

Form  of  steam-shovel  track:  *'T"  rails  on  ties. 

Length  of  rails  for  ordinary  work:  Six  (6)  feet. 

Form  of  rail  joint:  Strap. 

Manufacturers  of  steam-shovels  will  Bometimes  "guarantee" 
that  certain  of  their  shovels  will  excavate,  say  3000  cubic  yards 
of  earth  per  day  of  ten  hours.  Even  if  it  were  possible  for  a 
shovel  to  fill  a  car  at  the  rate  of  5  cubic  yards  per  minute,  it  is 
always  impracticable  to  maintain  such  a  speed,  since  a  shovel 
must  always  wait  for  the  shifting  of  cars  and  for  the  frequent 
shifting  of  the  shovel  itself.  There  are  also  delays  due  to 
adjustments  and  minor  breakdowns.  The  best  shovel  records 
are  made  when  the  cars  are  large — other  things  being  equal. 
The  item  of  interest  and  depreciation  of  the  plant  is  very  large 
in  steam-shovel  work.  This  will  be  discussed  further  later. 
The  cost  of  loading  alone  will  usually  come  to  between  3  and 
4  c.  per  cubic  yard.  The  cost  of  shifting  the  cars  so  as  to 
place  them  successively  under  the  shovel,  haul  them  to  the 
dumping  place»  dump  them  and  haul  them  back,  will  generally 
be  as  much  more.  Gillette  quotes  five  jobs  on  one  railroad 
where  the  total  cost  for  loading  and  hauling  varied  from  5.9  o. 
to  11.4  c.  per  cubic  yard.  But  as  these  figures  are  based  on 
car  measurement,  the  cost  per  cubic  yard  in  place  measure* 
ment  must  be  increased  about  one-fourth,  or  from  7.4  c.  to 
14.2  c. 

140.  Item  3.  Hauling.  The  cost  of  hauling  depends  on 
the  nxmiber  of  round  trips  per  day  that  can  be  made  by  each 
vehicle  employed.  As  the  cost  of  each  vehicle  is  practically  the 
same  whether  it  makes  many  trips  or  few,  it  becomes  important 
that  the  number  of  trips  should  be  made  a  maximum,  and  to  that 
end  there  should  be  as  little  delay  as  possible  in  loading  and 
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unloading.    Therefore  devices  for  facilitating  the  panage  of  the 
vehicles  have  a  real  money  value. 

(a)  Carts.  The  average  speed  of  a  horse  hauling  a  two- 
wheeled  cart  has  been  found  to  be  200  feeit  per  minute,  a  little 
slower  when  hauling  a  load  and  a  little  faster  when  retunuog 
empty.  This  figure  has  been  repeatedly  verified.  It  means  an 
allowance  of  one  minute  for  each  100  feet  (or  "station")  of 
"lead — the  lead  being  the  distance  the  earth  is  hauled."  Ihb 
time  lost  in  loading,  dumping,  waiting  to  load,  etc.,  has  been 
found  to  average  4  minutes  per  load.  Representing  the  nunt- 
ber  of  stations  (100  feet)  of  lead  by  s,  the  number  of  loadi 
handled  in  10  hours  (600  minutes)  would  be  600-s-(«+4).  Tin 
number  of  loads  per  cubic  yard,  measured  in  the  bank,  is  differ- 
entiated by  Morris  into  three  classes,  viz. : 

3  loads  per  cubic  yard  in  descending  hauling; 
3i  ''      ''      ''       ''     ''  level  hauling;  and 

4  ''       "      "       "     "  ascending  hauling. 

Attempts  have  been  made  to  estimate  the  effect  of  the  gnulB 
of  the  roadway  by  a  theoretical  consideration  of  its  rate,  and  ol 
the  comparative  strength  of  a  horse  on  a  level  and  on  varioai 
grades.  Wliile  such  computations  are  always  practicable  on  a 
railway  (even  on  a  temporary  construction  track),  the  tzactkn 
on  a  temporary  earth  roadway  is  always  very  large  and  so  Toy 
variable  that  any  refinements  are  useless.  On  railxoad  eaith- 
work  the  hauling  is  generally  nearly  level  or  it  is  descending-^ 
forming  embankments  on  low  groimd  with  material  from  eats  in 
high  ground.  The  only  common  exception  occurs  when  an 
embankment  is  formed  from  borrow-pits  on  low  ground.  One 
method  of  allowing  for  ascending  grade  is  to  add  to  the  hoi^ 
zontal  distance  14  times  the  difference  of  elevation  for  work 
with  carts  and  24  times  the  difference  of  elevation  for  iroik 
with  wheelbarrows,  and  use  that  as  the  lead.  For  grrMWfla, 
using  carts,  if  the  lead  is  300  feet  and  there  is  a  differenoe  of 
elevation  of  20  feet,  the  lead  would  be  considered  equivalent  to 
300 +  (14X20)  =580  feet  on  a  level. 

Trautwine  assumes  the  average  load  for  all  classes  of  wok 
to  be  }  cubic  yard,  which  figure  is  justified  by  large  ezperkniDe. 
Using  one  figure  for  all  classes  of  work  simplifies  the  calculationi 
and  gives  the  number  of  cubic  yards  carried  per  day  of  10  honn 

equal  to    .        ..    Dividing  the  cost  of  a  cart  per  day  by  the 
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number  of  cubic  yards  carried  gives  the  cost  of  hauling  pet 
yard.  In  computing  the  cost  of  a  cart  per  day,  Trautwine 
refers  to  the  practice  of  having  one  driver  manage  four  carts, 
thus  making  a  charge  of  25  c.  per  day  for  each  cart  for  the  driver. 
Although  this  might  be.  an  economical  method  when  the  haul  is 
very  long,  it  is  not  economical  for  short  hauls.  A  safer  estimate 
is  to  allow  not  more  than  two  carts  per  driver  and  in  many 
cases  a  driver  for  each  cart.  Some  contractors  employ  a  driver 
for  each  cart  and  then  require  that  the  drivers  shall  assist  in 
loading.  The  policy  to  be  adopted  is  sometimes  dependent  on 
labor  union  conditions,  which  may  demand  that  drivers  must 
not  assist  in  loacling.  The  supply  of  labor  and  the  amount  of 
work  on  hand  have  a  great  influence  on  the  methods  of  work 
which  a  contractor  may  adopt,  for  a  strike  will  often  disarrange 
all  plans. 

The  cost  of  a  horse  and  cart  must  practically  include  a 
charge  for  the  time  of  the  horse  on  Sundays,  rainy  days  and 
holidays.  The  cost  of  repairs  of  cart  and  harness  is  generally 
included  in  this  item  for  simplicity,  but,  under  a  strict  applica- 
tion of  the  analysis  suggested  in  §  137,  it  should  properly  be 
included  imder  Item  7,  Repairs,  etc. 

Since  the  time  required  for  loading  loose  rock  is  greater 
than  for  earthwork,  less  loads  will  be  hauled  per  day.  The  time 
allowance  for  loading,  etc.,  is  estimated  by  Trautwine  as  6 
minutes  instead  of  4  as  for  earth.  Considering  the  great  ex- 
pansion of  rock  when  broken  up  (see  §  128),  one  cubic  yard  of 
solid  rock,  measured  in  place,  would  furnish  the  equivalent  of 
five  loads  of  earthwork  of  J  cubic  yard.  Therefore,  on  the 
basis  of  five  loads  per  cubic  yard,  the  number  of  cubic  yards 

600 
handled  per  ten-hour  day  per  cart  would  be  -.    ,  ^y 

Let  C  represent  the  daily  cost  of  a  horse  and  cart  and  of 
the  proportional  cost  of  the  driver  (according  to  the  number  of 
carts  handled  by  one  driver),  then  the  cost  per  cubic  yard, 
measured  in  (he  cut,  for  hauling  may  be  given  by  the  formula: 


Cost  per  cu.  yd.  of  hauling  earth  in  carts  =- ^^^r — - 


^^^  600 


r     .     (63) 
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(b)  Wasonfi.  For  looger  leads  (i.e.,  from  }  to  }  of  a  mile) 
wagons  drawn  by  two  (or  three)  horses  are  more  economical. 
The  old-style  wagons  (about  0.8  cu.  yd.)  have  bottoms  of  loose 
thick  narrow  boards.  Raising  them  individually  deposits  the 
load  underneath.  Modern  dump  wagons  contain  from  1,0  to 
2.0  cu.  yds.  The  daily  cost  may  be  estimated  on  the  same  prin- 
ciple as  the  cost  of  carts. 

The  number  of  wagon  trips  per  10  hours  will  depend  some- 
what on  the  management  of  the  shovellers.  Too  many  Bhoval> 
lers  per  wagon  is  not  economical,  measured  in  yards  shovelied 
per  man,  although  it  may  reduce  the  time  consumed  in  loading 
any  one  wagon.  At  an  average  figure  of  20  cubio  yanii^ 
measured  in  place,  per  shoveller  per  10  hours,  seven  shovellAn 
would  load  14  cubio  yards  per  hour  or  one  cubic  yaid  in  4 J 
minutes.  This  would  be  the  allowance  for  a  wagon  with  a 
capacity  of  about  IJ  yards  of  loose  eaith.  Adding  time  for 
unloading,  waiting  to  load  and  other  possible  "  lost  time/'  than 
is  (Mirhapa  a  total  of  six  minutes.  This  figure  will  vary  Teiy 
considerably  according  to  the  number  of  shovellers  por  wagooi 
the  capacity  of  the  wagon,  the  type  of  wagon  (whether  self- 
dumping)  and  other  details  in  the  method  of  managemont,. 
Adopting  six  minutes  as  the  time  used  for  loading,  uuloadingi 
and  other  ''lost  time/'  the  formula  becomes. 

Cost  per  cubic  yard  of  hauling  in  wagons^  2^    \  ....     (64) 

in  which  C  is  the  cost  of  the  wagon,  team  and  driver  per  day 
of  10  hours;  s  is  the  distance  hauled  in  stations  of  100  £eet| 
and  c  is  the  capacity  of  the  wagon  in  cubic  yards,  place  meaa-^ 
uremerU,  which  should  be  about  three  fourths  of  the  nominal* 
capacity  of  the  wagon  for  earth  and  about  sixty  percent  when 
handling  rock. 

(c)  Wheelbarrows.  Gillette  has  computed  from  obeervfr- 
tions  that  a  man  will  trundle  a  wheelbarrow  at  the  rate  of  2aQ 
feet  per  minute  or  1.25  stations  of  lead  per  minute  for  the  round 
trip.  The  time  required  for  loading  is  estimated  at  2}  minutes 
and  for  unloading,  adjusting  wheeling  planks,  short  restSy  eAo.| 
J  minute,  or  a  total  of  three  minutes  per  trip  for  all  purposes 
except  hauling.    Gillette  allows  for  a  load  only  1/15  cubic  ^ard« 
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neamued  in  place,  or  about  1/U  yard,  2.5  cubic  feet,  on  the 
irheelbarrow.     With  notation  as  before,  and  for  a  ten-hour  day, 

hd  per  eubic  yard  of  loading  and  \      CXl5(1.25g-t-3)       /^gN 
hauling  earth  in  wheelbarrows     /  ^  600  * 

11  thk  equation  C  is  the  cost  of  both  loading  and  hauling,  and 
isual^  includes  the  allowance  (Item  7)  for  the  cost,  repairs 
tod  depreciation  of  the  wheelbarrows,  whose  service  is  very 
hort  lived*  Trautwine  estimates  this  at  five  cents  per  day  or 
i  total  of  $1.05  for  labor  and  wheelbanow. 

The  number  of  wheelbarrow  loads  required  for  a  cubic  yard 
pf  rode,  measured  in  place,  is  about  twenty-four.  The  time 
equired  for  loading  should  also  be  increased  about  one  fourth; 
he  time  required  for  all  purposes  except  hauling  is  therefore 
ibout  3.75  minutes,  and  the  corresponding  equation  becomes 

?ost  per  cubic  yard  of  loading  and  "\  __  CX24(1.25s+3.75)         (eg) 
hauling  rock  in  wheelbarrows    J  '~  600 

(d)  Scrapen.  These  are  made  in  three  general  ways,  "buck" 
crapem,  "drag"  scrapers  and  ''wheeled  "  scrapers.  The  buck 
craper  in  its  original  form  consisted  merely  of  a  wide  plank, 
hod  with  an  iron  strap  on  the  lower  edge  and  provided  with 
i  pole  and  a  small  platform  on  which  the  driver  may  stand  to 
weight  it  down.  The  earth  is  not  loaded  on  to  any  receptacle 
tnd  carried,  but  is  merely  pushed  over  the  groimd.  Notwitk- 
tanding  the  apparent  inefficiency  of  the  method,  its  extreme 
im{4i<aty  has  caused  its  occasional  adoption  for  the  const ruc- 
ion  of  canal  embankments  out  of  material  from  the  bed  of  the 
anal.  The  occasions  are  rare  when  their  use  for  railroad  work 
irouki  be  pneticahle,  and  even  then  drag  scrapers  would  prob- 
ably be  preferaUe. 

A  drbg  scraps  is  an  immense  "scoop  shovel ''  about  three  feet 
ong  and  three  feet  wide.  There  are  usually  two  handles  and  a 
lai)  in  fh>nt  by  which  it  is  dragged  by  a  team  of  horses.  The 
lomindl  capacity  varies  from  7.5  cubic  feet  for  the  largest  sizes, 
lown  to  3  cuIhc  feet  for  the  "one-horse"  size,  but  these  figures 
aUflt  be  dificbunted  by  perhaps  40  or  50%  for  the  actual  average 
'olutne  (aa  measured  in  the  cut)  loaded  on  during  one  scoop. 
rhe  expansion  of  the  earth  during  loosening  is  alone  respons- 
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ible  for  a  discount  of  25%.  These  scrapers  cost  from  $10  to 
$18. 

A  wheeled  scraper  is  essentially  an  extra-large  drag  acrwpen 
which  may  be  raised  by  a  lever  and  carried  on  a  pair  of  large 
wheels.  Their  nominal  capacity  ranges  from  10  to  17  cubic  feet, 
which  should  usually  be  liberally  discounted  when  estimating 
output.  They  are  loaded  by  dropping  the  scoop  so  that  it 
scrapes  up  its  load.  The  lever  raises  the  scoop  so  that  the  load 
is  carried  on  wheels  instead  of  being  dragged.  At  the  dump  the 
scoop  is  tipped  so  as  to  unload  it.  The  movement  of  the 
scraper  is  practically  continuous.  They  cost  from  $40  to 
$75.  Their  advantages  over  drag  scrapers  consist  (1)  in  their 
greater  capacity,  (2)  in  the  economy  of  transporting  the  load 
on  wheels  instead  of  by  dragging,  and  (3)  in  the  far  greater 
length  of  haul  over  which  the  earth  may  be  economically 
handled. 

Morris  estimated  the  speed  of  drag  scrapers  to  be  140  feet  per 
minute,  or  70  feet  of  lead  per  minute.  The  "lead"  should  be 
here  interpreted  as  the  average  distance  from  the  center  of  the 
pit  to  the  center  of  the  dump.  Gillette  declares  the  speed  to  be 
220  feet  per  minute.  Some  of  this  variation  may  be  due  to  dif- 
ferences in  the  method  of  measuring  the  distance  actually  trav- 
elled, especially  when  the  lead  is  very  short,  since  the  acm'pcx 
teams  must  always  travel  a  considerable  extra  distance  at  each 
end  in  order  to  turn  around  most  easily.  This  extra  distance  is 
practically  constant  whether  the  lead  is  long  or  short.  Gillette 
quotes  an  instance  where  the  length  of  lead  was  actually  about 
20  feet,  but  the  scraper  teams  travelled  about  150  feet  for  each 
!oad  carried.  On  this  account  Gillette  adopts  a  minimuBi  of 
75  feet  of  lead  no  matter  how  short  the  lead  actually  may  be. 
Of  course  the  speed  depends  considerably  on  how  strictly  the 
men  are  kept  to  their  work  and  also  on  the  care  which  may  be 
taken  to  obtain  a  full  load  for  each  scraper.  As  a  compromise 
between  Morris's  and  Gillette's  estimates  we  may  adopt  the  con- 
venient rate  of  speed  of  200  feet  per  minute,  or  100  feet  of  lead 
per  miinite.  There  should  also  be  allowed  for  the  time  loifc 
in  loading  and  unloading  and  for  travelling  the  extra  distanoe 
travelled  by  the  teams  in  making  the  circuit,  1|  minutes.  Allows 
ing  the  average  value  of  seven  loads  per  cubic  yard  and  letting 
C  represent  the  cost  of  scraper  team  and  driver  per  ten-hour 
day,  we  liave  for  the  cost  as  follo^\T5 : 
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Cost  per  cubic  yard  of  loading  and  1  _ CX7(s4-li) 


hauling  earth  in  drag  scrapers      I  ~~         600 


In  this  formula  C  should  include  the  cost  of  not  only  the 
driver,  team,  and  scraper,  but  also  the  proper  proportion  of 
the  wages  of  an  extra  man,  who  assists  each  driver  in  loading 
his  scraper,  and  whose  wages  should  be  divided  among  the  two 
(or  three)  scrapers  to  which  he  is  assigned.  Scraper  work 
nearly  always  implies  ploughing,  the  cost  of  which  should  be 
computed  as  under  Item  1. 

When  a  low  embankment  is  formed  from  borrow-pits  on  each 
side  of  the  road,  it  may  be  done  with  scrapers,  which  move  from 
one  borrow-pit  to  the  other,  taking  a  load  alternately  from  each 
side  to  the  center  and  making  but  one  half  turn  for  each  load 
carried.  This  reduces  the  time  lost  in  turning  by  one  third  of  a 
minute  and  reduces  the  constant  in  the  numerator  in  Eq.  (67) 
from  IJ  to  1.  In  this  case  the  lead  will  usually  be  not  greater 
than  75  feet,  and  therefore,  if  we  consider  this  as  a  minimum 
value,  8  will  ordinarily  equal  .75  and  the  quantity  in  the  paren- 
thesis will  equal  1.75. 

When  using  wheeled  scrapers  the  catalogue  capacity,  which 
varies  from  9  or  10  feet  for  a  No.  1  scraper  to  16  or  17  feet  for 
a  No.  3  scraper,  must  be  reduced  to  5  loads  per  cubic  yard 
(place  measurement)  for  a  No.  1  scraper  and  to  2 J  loads  per 
cubic  yard  for  a  No.  3,  not  only  on  account  of  the  expansion  of 
the  earth  diuing  loosening,  but  also  on  accoimt  of  the  imprac- 
ticability of  loading  these  scrapers  to  their  maximum  nominal 
capacity.  When  the  haul  or  lead  for  wheeled  scrapers  is  300 
feet  or  over,  it  will  be  justifiable  to  employ  shovellers  to  fill  up 
the  bowl  of  the  shovel,  especially  when  the  soil  is  tough  and 
when  it  is  impracticable  to  fill  the  shovel  even  approximately 
full  by  the  ordinary  method.  A  snatch  team  to  assist  in  load- 
ing the  scrapers  it  also  economical,  especially  with  the  larger 
scrapers.  The  proportionate  number  of  snatch  teams  to  the 
tot£^  number  of  scrapers  of  course  depends  on  the  length  of 
haul.  The  cost  of  these  extra  shovellers  and  extra  snatch  teams 
must  be  divided  proportionally  among  the  number  of  scrapers 
assisted,  in  determining  the  value  C  in  the  formula  given  below. 
The  extra  time  to  be  allowed  on  account  of  turning,  loading, 
and  dumping  is  about  1^  minutes.  The  speed  is  considered 
one  station  of  lead  per  minute  as  before.    If  we  call  C  the  avera^^e 
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daily  cost  of  one  scraper  and  n  the  capacity  of  the  scmpq:,  oj 
the  number  of  loads  per  cubic  yard,  we  m^y  wfite  the  foUowing 
fonnula,  on  the  basis  of  a  ten-hour  day: 

Cost  per  cubic  yard  of  loading  and  1      CXnd+lj)  ^      ^     tag\ 
hauling  earth  in  wheeled  scrapers  J  600 

(e)  Cars  and  horses.  The  items  of  cost  by  this  method  are 
(a)  charge  for  horses  employed,  (b)  charge  for  men  employed 
strictly  in  hauling,  (c)  charge  for  shifting  rails  when  neoeasary, 
(d)  repairs,  depreciation,  and  interest  on  cost  of  cars  and  track. 
Part  of  this  cost  should  strictly  be  classified  under  items  5  and 
7,  mentioned  in  §  137,  but  it  is  perhaps  more  convemeut  to 
estimate  them  as  follows: 

The  traction  of  a  car  on  rails  is  so  very  small  that  grade 
resistance  constitutes  a  very  large  part  of  the  total  resiBtaiice 
if  the  grade  is  1%  or  more.  For  all  ordinary  grades  it  ip 
sufficiently  accurate  to  say  that  the  grade  resiatanoe  is  to 
the  gross  weight  as  the  rise  is  to  the  distance.  If  the  distamce 
is  supposed  to  be  measured  along  the  slope,  the  proportiQQ  is 
strictly  true;  i.e.,  on  a  1%  grade  the  grade  resiataQce  is  1  lb. 
per  100  of  weight  or  20  lbs.  per  ton.  If  the  resistaqeQ  on  a 
level  at  the  usual  velocity  is  xkii*^  grade  of  1:120  (0.83%)  inll 
exactly  double  it.  If  the  material  is  hauled  dawn  a  grado  of 
1:120,  the  cars  will  run  by  gravity  after  being  started-  TIhi 
work  of  hauling  will  then  consist  practically  of  hauling  the 
empty  cars  up  the  grade.  The  grade  resistance  depends  oolj 
on  the  rate  of  grade  and  the  weight,  but  the  tractive  resistaiioe 
will  be  greater  j)er  ton  of  weight  for  the  imloaded  than  lor  the 
loaded  cars.  The  tractive  power  of  a  horse  is  less  on  a  grade 
than  on  a  level,  not  only  because  the  horse  raises  his  own  wei^t 
in  addition  to  the  load,  but  is  anatomically  less  oapabUi  of 
pulling  on  a  grade  than  on  a  level.  In  general  it  wUl  he  pott- 
sible  to  plan  the  work  so  that  loaded  cars  need  not  be  hauled  up 
a  grade,  unless  an  embankment  is  to  be  formed  from  a  low 
borrow-pit,  in  which  case  another  method  would  probably  be 
advisable.  These  computations  are  chiefly  utilized  in  deaigll- 
ing  the  method  of  work — the  proportion  of  horses  to  care.  An 
example  may  be  quoted  from  English  practice  (Hurst),  in  whioii 
the  cars  had  a  capacity  of  3^  cubic  yards,  weighing  dQ  owl. 
empty.    Two  horses  took  five  ''wagons"  }  of  a  mile  on  a  level 
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rftilrood  aiid  made  15  journeys  per  day  of  10  hours,  i.e.,  the3y 
handled  25Q  yards  per  day.  In  addition  to  those  on  the 
"straight  road,"  another  horse  was  employed  to  make  up 
the  train  of  loaded  wagons.  With  a  short  lead  the  straight- 
road  horses  were  employed  for  this  purpose.  In  the  above 
ei^ample  the  number  of  men  required  to  handle  these  cars, 
phift  the  tracks,  etc.,  is  not  given,  and  so  the  exact  cost  of  the 
Above  work  cannot  be  analyzed.  It  may  be  noticed  that  the 
two  horses  travelled  22i  miles  per  day,  drawing  in  one  direction 
a  loadi  including  the  weight  of  the  oars,  of  about  57,300  lbs., 
or  28.65  net  tons.  Allowing  ^^  as  the  necessary  tractive 
force,  it  would  require  a  pull  of  477.5  lbs.,  of  23Q  lbs.  for  each 
horse.  With  a  velocity  of  220  feet  per  minute  this  would  amount 
to  ii  horse-power  per  horse,  exerted  for  only  a  short  time, 
however,  and  allowing  considerable  time  for  rest  and  for  drawl- 
ing only  the  empty  cars.  Gillette  claims  that  the  rolling  re* 
sistance  for  such  cars  on  a  contractor's  ti'ack  should  be  con** 
sidered  as  40  lbs.  per  ton  (the  equivalent  of  a  2%  grade)  and 
quotes  many  figures  to  support  the  assertion.  Unquestionably 
the  resistance  on  tracks  with  very  light  rails,  light  ties  with 
wide  spacing  and  no  tamping,  would  be  very  great  and  might 
readily  amount  to  40  lbs.  per  ton.  In  the  above  case,  the 
resistance  could  not  have  been  much  if  any  over  y^.  A  re- 
sistance of  40  lbs.  per  ton  would  have  required  each  horse  to 
pull  about  573  lbs.  for  nearly  five  hours  per  day,  beside  pulling 
the  empty  cars  the  rest  of  the  time.  This  is  far  greater  exertion 
than  any  ordinary  horse  can  maintain.  The  cars  generally  used 
In  this  coimtry  have  a  capacity  of  1^  cubic  yards  and  cost  about 
$65  apiece.  Besides  the  shovellers  and  dumping-gang,  several 
men  and  a  foreman  will  be  required  to  keep  the  track  in  order 
^d  to  make  the  constant  shifts  that  are  necessary.  Two  trains 
are  generally  used,  one  of  which  is  loaded  while  the  other  is  run 
to  the  dump.  Some  passing-place  is  necessary,  but  this  is 
generally  provided  by  having  a  switch  at  the  out  and  running 
the  trains  on  each  track  alternately.  This  insures  a  train  of 
pQ-rs  always  at  the  cut  to  keep  the  shovellers  employed.  The 
cost  of  hauling  per  cubic  yard  can  only  be  computed  when  th^ 
number  of  laborers,  cars,  and  horses  employed  are  known,  and 
these  will  depend  on  the  lead,  on  the  character  of  the  excavation, 
on  thQ  gFade>  if  any,  etc.;  and  must  be  so  proportioned  that  the 
shovellers  need  not  wait  for  cars  to  fiU|  nor  the  diuQping-g^ng 
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for  material  to  handle,  nor  the  horses  and  drivers  for  cars  to 
haul.  Much  skill  is  necessary  to  keep  a  large  force  in  smooth 
running  order. 

(f)  Cars  and  locomotives.'  30-lb.  rails  are  the  lightest  that 
should  be  used  for  this  work,  and  35-  or  40-lb.  rails  are  better. 
One  or  two  narrow-gauge  locomotives  (depending  on  the  length 
of  haul),  costing  about  $2500  each,  will  be  necessary  to  handle 
two  trains  of  about  15  cars  each,  the  cars  having  a  capacity  of 
about  2  cubic  yards  and  costing  about  $100  each.  Some  cars 
can  be  obtained  as  low  as  $70.  A  force  of  about  five  men  and 
a  foreman  will  be  required  to  shift  the  tracks.  Thd  track- 
shifters,  except  the  foreman,  may  be  common  laborers.  The 
dumping-gang  will  require  about  seven  men.  Even  when  the 
material  is  all  taken  down  grade  the  grades  may  be  too  steep  for 
the  safe  hauling  of  loaded  cars  down  the  grade,  or  for  hauling 
empty  cars  up  the  grade.  Under  such  circumstances  temporary 
trestles  are  necessary  to  reduce  the  grade.  When  these  are 
used,  the  uprights  and  bracing  are  left  in  the  embankment — 
only  the  stringers  being  removed.  This  is  largely  a  necessity, 
but  is  partially  compensated  by  the  fact  that  the  trestle  forms  a 
tfore  to  the  embankment  which  prevents  lateral  shifting  during 
settlement.  The  average  speed  of  the  trains  may  be  taken  as 
10  miles  per  hour  or  5  miles  of  lead  per  hour.  The  time  lost 
in  loading  and  imloading  is  estimated  (Trautwine)  as  9  minutee 
or  .15  of  an  hour.    The  number  of  trips  per  day  of  10  hours 

^^^  ^^    10 ^^    50 ^ 

^        ^  (miles  of  lead)  +  .  15  (miles  of  lead)  H-  .76* 

course  this  quotient  must  be  a  whole  number.  Knowing  the 
number  of  trains  and  their  capacity,  the  total  number  of  cubic 
yards  handled  is  known,  which,  divided  into  the  total  daily  cost 
of  the  trains,  will  give  the  cost  of  hauling  per  yard.  The  daUy 
cost  of  a  train  will  include 

(a)  Wages  of  engineer,  who  frequently  fires  his  own  engine; 

(&)  Fuel,  about  }  to  1  ton  of  bituminous  coal,  depending  on 
work  done ; 

(c)  Water,  a  very  variable  item,  frequently  costing  $3  to  $5 
per  day; 

(d)  Repairs,  variable,  frequently  at  rate  of  50  to  60%  per  year; 
(c)  Interest  on  cost  and  depreciation,  16  to  40%. 

To  these  must  be  added,  to  obtain  the  total  cost  of  haul, 
(/)  Wages  of  the  gang  employed  in  shifting  track. 
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The  above  calculation  for  the  number  of  train  loads  depends 
on  the  assumption  that  9  minutes  is  total  time  lost  by  a 
locomotive  for  each  round  trip.  If  the  haul  is  very  short  it 
may  readily  happen  that  a  steam-shovel  cannot  fill  one  train 
of  cars  before  the  locomotive  has  retmned  with  a  load  of  empties 
and  is  ready  to  haul  a  loaded  train  away.  The  estimation  of 
the  number  of  train  loads  is  chiefly  useful  in  planning 
the  work  so  as  to  have  every  tool  working  at  its  high- 
est efficiency.  Usually  the  capacity  of  the  steam-shovel 
or  the  ability  to  promptly  "spot**  the  cars  under  the 
shovel  is  the  real  limiting  agent  which  determines  the  daily 
output. 

141.  Choice  of  method  of  haul  dependent  on  distance.  In 
light  side-hill  work  in  which  material  need  not  be  moved  more 
than  12  or  15  feet,  i.e.,  moved  laterally  across  the  roadbed, 
the  earth  may  be  moved  most  cheaply  by  mere  shovelling. 
Beyond  12  feet  scrapers  are  more  economical.  At  about  100 
feet  drag-scrapers  and  wheelbarrows  are  equally  economical. 
Between  100  and  200  feet  wheelbarrows  are  generally  cheaper 
than  either  carts  or  drag-scrapers,  but  wheeled  scrapers  are 
always  cheaper  than  wheelbarrows.  Beyond  500  feet  two- 
wheeled  carts  become  the  most  economical  up  to  about  1700 
feet ;  then  four-wheeled  wagons  become  more  economical  up  to 
3500  feet.  Beyond  this  cars  on  rails,  drawn  by  horses  or  by 
locomotives,  become  cheaper.  The  economy  of  cars  on  rails 
becomes  evident  for  distances  as  small  as  300  feet  provided  the 
volume  of  the  excavation  will  justify  the  outlay.  Locomotives 
will  always  be  cheaper  than  horses  and  mules,  providing  the 
work  to  be  done  is  of  sufficient  magnitude  to  justify  the  pur- 
chase of  the  necessary  plant  and  risk  the  loss  in  selling  the  plant 
ultimately  as  second-hand  equipment,  or  keeping  the  plant  on 
hand  and  idle  for  an  indefinite  period  waiting  for  other 
work.  Horses  will  not  be  economical  for  distances  much 
over  a  mile.  For  greater  distances  locomotives  are  more 
economical,  but  the  question  of  "limit  of  profitable  haul" 
(§  148)  must  be  closely  studied,  as  the  circumstances  are  cer- 
tainly not  common  when  it  is  advisable  to  haul  material  much 
over  a  mile. 

142.  Item  4.  Spreading.  The  cost  of  spreading  varies 
with  the  method  employed  in  dumping  the  load.  When  the  earth 
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ifl  tipped  over  the  edge  of  an  embankment  there  is  little  if  any 
r.ftcessary  work.  Trautwine  allows  about  J  c.  per  cubic  yard 
for  keeping  the  dumping-places  clear  and  in  order.  This  would 
represent  the  wages  of  one  man  at  $1  per  day  attending  to  the 
unloading  of  1200  two-wheeled  carts  each  carrying  J  cubic  yard* 
1200  carts  in  10  hours  would  mean  an  average  of  two  per  minute, 
which  implies  more  rapid  and  efficient  work  than  may  be  de- 
pended on.  The  allowance  is  probably  too  small.  When  the 
material  is  dumped  in  layers  some  levelling  is  required^  for 
which  Trautwine  allows  50  to  100  cubic  yards  as  a  fair  day's 
work,  costing  from  1  to  2  cents  per  cubic  yard.  The  cost  of 
spreading  will  not  ordinarily  exceed  this  and  is  frequently 
nothing — all  depending  on  the  method  of  unloading.  It  should 
be  noted  that  Mr.  Morris's  examples  and  computations  (Juur. 
Franklin  Inst.,  Sept.  1841)  disregard  altogether  any  special 
charge  for  this  item. 

143.  Item  5.  KsBPiNG  ROADWAYS  nr  order.  This  feature 
is  important  as  a  measure  of  true  economy,  whatever  the  system 
of  transportation,  but  it  is  often  neglected.  A  petty  saving  in 
such  matters  will  cost  many  times  as  much  in  increased  labor 
in  hauling  and  loss  of  time.  With  some  methods  of  haul  the 
cost  is  best  combined  with  that  of  other  items. 

(a)  Wheelbarrows.  Wheelbarrows  should  generally  be  run 
on  planks  laid  on  the  ground.  The  adjusting  and  shifting  of 
these  planks  is  done  by  the  wheelers,  and  the  time  for  it  is 
allowed  for  in  the  "i  minute  for  short  rests,  adjusting  the 
wheeling  plank,  etc."  The  actual  cost  of  the  planks  must  be 
added,  but  it  would  evidently  be  a  very  small  addition  per  cubic 
yard  in  a  large  contract.  Whon  the  wheelbarrows  are  run  on 
planks  placed  on  "horses"  or  on  trestles  the  cost  is  very  appre- 
ciable; but  the  method  is  frequently  used  with  great  economy. 
The  variations  in  the  requirements  render  any  general  estimate 
of  such  cost  impracticable. 

(b)  Carts  and  wagons.  The  cost  of  keeping  roadways  in 
order  for  carts  and  wagons  is  sometimes  estimated  merely  as  so 
much  per  cubic  yard,  but  it  is  evidently  a  function  of  the  lead. 
The  work  consists  in  draining  off  puddles,  filling  up  ruts,  pick- 
ing up  loose  stones  that  may  have  fallen  off  the  loads,  and  in 
general  doing  everything  that  will  reduce  the  traction  as  much 
as  possible.     Temporary  inclines,  built  to  avoid  excessive  grade 
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at  some  one  pointy  are  often  measures  of  true  economy.  Traut- 
wine  suggests  ^  c.  per  cubic  yard  per  100  feet  of  lead  for  earth- 
work and  yV  c*  ^^^  rockwork,  as  an  estimate  for  this  item  when 
carts  are  used. 

(c)  Cars.  When  cars  are  used  a  shifting-gang,  consisting 
of  a  foreman  and  several  men  (say  five),  are  constantly  em- 
ployed in  shifting  the  track  so  that  the  material  may  be  loaded 
and  unloaded  where  it  is  desired.  The  average  cost  of  this 
item  may  be  estimated  by  dividing  the  total  daily  cost  of  this 
gang  by  the  number  of  cubic  yards  handled  in  one  day. 

144.  Item  6.    Trimming  cuts  to  thbir  proper  cross- 

SECnow.  This  process,  often  called  "sand-papering,"  must 
be  treated  as  an  expense,  since  the  payment  received  for  the 
very  few  cubic  yards  of  earth  excavated  is  wholly  inadequate 
to  pay  for  the  work  involved.  Gillette  quotes  bids  of  2  cents 
per  square  yard  of  surface  trimmed,  and  from  this  argues  that, 
for  average  excavations,  it  adds  to  the  cost  four  cents  per  cubic 
yard  of  the  total  excavation.  The  shallower  the  cut  the  greater 
is  the  proportionate  cost.  Of  coiuTse  the  actual  cost  to  the 
contractor  will  depend  largely  on  the  accuracy  of  outline  de- 
manded by  the  engineer  or  inspector. 

145.  Item  7.    Repairs,  wear,  dbprbciatiok,  aitd  interest 

ON  COST  OP  plant.  The  amount  of  this  item  evidently  depends 
upon  the  character  of  the  soil — ^the  harder  the  soil  the  worse  the 
wear  and  depreciation.  The  interest  on  cost  depends  on  the 
current  borrowing  value  of  money.  The  estimate  for  this  item 
has  already  been  included  in  the  allowances  for  horses,  carts, 
ploughs,  harness,  wheelbarrows,  steam-shovels,  etc.  Trautwine 
estimates  J  0.  per  cubic  yard  for  picks  and  shovels.  Deprecia- 
tion is  generally  a  large  percentage  of  the  cost  of  earth-working 
itools,  the  life  of  all  being  limited  to  a  few  years,  and  of  many 
tools  to  a  few  months  or  weeks. 

146.  Item  8.  Superintendence  and  incidbntals.  The 
incidentals  include  the  cost  of  water-boys,  timekeepers,  watch* 
men,  blacksmiths,  fences,  and  other  precautions  to  protect  the 
public  from  possible  injury,  cost  of  casualty  insurance  for 
workmen,  etc.  Although  the  cost  of  some  of  these  sub-items 
may  be  definitely  estimated,  others  are  so  uncertain  that  it  is 
only  possible  to  make  a  lump  estimate  and  add  say  5  to  7% 
pf  the  sum  of  the  previous  items  for  this  item. 
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147.  Contractor's  profit  and  contingencies.  The  word  "  con- 
tingent ies"  here  refers  to  the  abnormal  expenses  caused  by 
freshets,  continued  wet  weather,  and  "hard  luck,"  as  di»- 
tinguished  from  mere  incidentals  which  are  really  normal 
expenses.  They  are  the  expenses  which  literally  cannot  be 
foreseen,  and  on  which  the  contractor  must  "take  chances." 
They  are  therefore  included  with  the  expected  profit.  The 
allowance  for  these  two  elements  combined  is  variously  esti* 
mated  up  to  25%  of  the  previously  estimated  cost  of  the  work,* 
according  to  the  sharpness  of  the  comj)etition,  the  contractor's 
confidence  in  the  accuracy  of  his  estimates,  and  the  possible  un- 
certainty as  to  true  cost  owing  to  unfavorable  circumstances. 
The  contractor's  real  profit  may  vary  considerably  from  this. 
He  often  pays  clerks,  boards  and  lodges  the  laborers  in  shan- 
ties built  for  the  purpose,  or  keeps  a  supply-store,  and  has 
various  other  items  both  of  profit  and  expense.  His  profit 
is  largely  dependent  on  skill  in  so  handling  the  men  that  all 
can  work  effectively  without  interference  or  delays  in  wait- 
ing for  others.  An  unusual  season  of  bad  weather  will  often 
affect  the  cost  very  seriously.  It  is  a  common  occurrence 
to  find  that  two  contractors  may  be  working  on  the  same  kind 
of  material  and  under  precisely  similar  conditions  and  at  the 
same  price,  and  yet  one  may  be  making  money  and  the 
other  losing  it— all  on  account  of  difference  of  manage- 
ment. 

148.  Limit  of  profitable  haul.  As  intimated  in  §§  134  and 
141,  there  is  with  every  method  of  haul  a  limit  of  distance 
l>eyond  which  the  expense  for  excessive  hauling  will  exceed  the 
loss  resulting  from  borrowing  and  wasting.  This  distance  is 
somewhat  de|x;ndent  on  local  conditions,  thus  requiring  an  inde- 
pendent solution  for  each  particular  case,  but  the  general  prin- 
ciples involved  will  be'about  as  follows:  Assume  that  it  has  been 
determined,  as  in  Fig.  64,  that  the  cut  and  fill  will  exactly  bal- 
ance l)etween  two  points,  as  between  e  and  x,  assuming  that,  as 
indicated  in  §  132  (9),  a  trestle  has  been  introduced  l)etween  9 
and  tj  thus  altering  the  mass  curve  to  Estxn  .  .  .  Since  there 
is  a  balance  between  A'  and  C",  the  material  for  the  fill  between 
C  and  e'  must  be  obtained  either  by  "  borrowing  "  in  the  im- 
mediate neighborhood  or  by  transportation  from  the  excavation 
between  <s;'  ^d  n\     li  cut  and  fill  have  been  approximately 
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balanced  in  the  selection  of  grade  line,  as  is  ordinarily  done, 
borrowing  material  for  the  fill  CV  implies  a  wastage  of  material 
at  the  cut  z^v/.  To  compare  the  two  methods,  we  may  place 
against  the  plan  of  borrowing  and  wasting,  (a)  cost,  if  any,  of 
extra  right  of  way  that  may  be  needed  from  which  to  obtain 
earth  for  the  fill  CV;  (6)  cost  of  loosening,  loading,  liauling 
a  distance  equal  to  that  between  the  centers  of  gravity  of  the 
borrow-pit  and  of  the  fill,  and  the  other  expenses  incidental  to 
borrowing  M  cubic  yards  for  the  fill  C'e';  (c)  cost  of  loosening, 
loading,  hauling  a  distance  equal  to  that  between  the  centers 
of  gravity  of  the  cut  z'n'  and  of  the  spoil-bank,  and  the  other 
expenses  incidental  to  wasting  M  cubic  yards  at  the  cut  z'n': 
{d)  cost,  if  any,  of  land  needed  for  the  spoil-bank.  The  cost  of 
the  other  plan  will  be  the  cost  of  loosening,  loading,  hauling  (the 
hauling  being  represented  by  the  trapezoidal  figure  Cexn),  and 
the  other  expenses  incidental  to  making  the  fill  CV  with  the 
material  from  the  cut  z'n',  the  amount  of  material  being  M  cubic 
yards,  which  is  represented  in  the  figure  by  the  vertical  ordi- 
nate from  e  to  the  line  Cn.  The  difference  between  these  costs 
will  be  the  cost,  if  any,  of  land  for  borrow-pit  and  spoil-bank 
plus  the  cost  of  loosening,  loading,  etc.  (except  hauling  and 
roadways)  of  M  cubic  yards,  minus  the  difference  in  cost  of  the 
excessive  haul  from  Ce  to  xn  and  the  comparatively  short  hauls 
from  borrow-pit  and  to  spoil-bank. 

As  an  illustration,  taking  some  of  the  estimates  previously 
given  for  operating  with  average  material,  the  cost  of  all  items, 
except  hauling  and  roadways,  would  be  about  as  follows: 
loosening,  with  plough,  1.2  c,  loading  5.0  c,  spreading  1.5  c, 
wear,  depreciation,  etc.,  .25  c,  superintendence,  etc.,  1.5  c; 
total  8.95  c.  Suppose  that  the  haul  for  both  borrowing  and 
wasting  averages  100  feet  or  1  station.  Then  the  cost  of  haul 
per  yard,  using  carts,  would  be  (§140,  a)  [125X3(1+ 4)] 4- 600 
=3.125  c.  The  cost  of  roadways  would  be  about  0.1  c.  per  yard, 
making  a  total  of  3.225  c.  per  cubic  yard.  Assume  M  =  10000 
cubic  yards  and  the  area  Cexn  =  180000  yards-stations  or  the 
equivalent  of  10000  yards  hauled  1800  feet.  This  haul  would 
cost  [125X3(184-4)]-^600  =  13.75  c.  per  cubic  yard.  The  cost 
of  roadways  will  be  18  X  .1  or  1.8  c,  making  a  total  of  15.55  c.  for 
hauling  and  roadways.  The  difference  of  cost  of  hauling  and 
roadways  will  be  15.55-(2X3.225)=9.10  c.  per  yard  or  1^910 
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for  the  10000  yards.  Offsetting  thi^  is  the  cost  of  loosening,  etc,, 
10000  yards,  at  8.96  c,  costing  $895.  These  figures  may  be 
better  compared  ds  follows: 


Long  Hadl. 


Loosening,  etc.,  10000  yards,  (^    8.95  0.  $  805. 

Hauling,      "       10000     "        &  16.65  o.  1553. 


BoRROWlKQ 
AND 

Wasting. 


$2450. 

■      ■  3 

' Iiooaening,  etc.,  10000  yards  (borrowed),  (^  8.95  c.    S895. 
"       10000     "      (wasted).      @8.95o.      895. 
Hauling,  etc.,      10000     "      (borrowed),  @  3.225  c.    322.5(1 
lOOOO     ••      (wasted).      ^  3.225  c.    322.50 

$2435.00 


These  costs  are  practically  balanced,  but  rto  allowance  has 
been  made  for  right  of  way.  If  any  considerable  amount  had 
to  be  paid  for  that,  it  would  decide  this  particular  case  in  favor 
of  the  long  haul.  This  shows  tliat  under  these  conditions  1800 
feet  is  about  the  limit  of  profitable  haul,  the  land  costing  nothing 
extra. 

BLASTING. 

149.  Explosives.  The  effect  of  blasting  is  diis  to  the  ex- 
tremely rapid  expansion  of  a  gas  whic^h  is  developed  by  the 
decomposition  of  a  very  small  amount  of  solid  matter.  Blasting 
compoulids  may  be  divided  into  two  general  classes,  (a)  slOw- 
burning  and  {}))  detonating.  Gunpowdet-  is  a  type  of  the  9kf9t» 
burning  compounds.  These  are  generally  ignited  by  heat;  the 
ignition  proceeds  from  grain  to  grain;  the  heat  and  pranure 
produced  are  comparatively  low.  Nitro-glycerine  is  a  type  of 
the  detonating  compounds.  Thej'  are  exploded  by  It  slio^^k 
which  instantaneously  explodes  the  whole  mass.  The  heat  and 
pressure  developed  are  far  in  excess  of  that  produced  by  the 
explosion  of  powder.  Nitro-glycerine  is  so  easily  exjfloded 
that  it  is  very  dangerous  to  handle.  It  was  discovered  that  if 
the  nitro-glycerine  was  absorbed  by  a  spongy  material  like  infua 
sorial  earth,  it  was  much  less  liable  to  explode,  while  its  power 
when  actually  exploded  was  practically  equal  to  that  of  the 
amount  of  pure  nitro-glycerine  contained  in  the  dynamite,  whic!i 
is  the  name  given  to  the  mixture  of  nitro-glycerine  and  infusorial 
earth.  Nitro-glycerine  is  expensive;  many  other  expldaive 
chemical  compounds  which  properly  belong  to  the  slow-burning 
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daas  are  oomparatively  cheap.  It  has  been  donclusively  demon* 
Btratfed  that  a  mixture  of  nitro-glycerine  and  some  of  the  cheaper 
chemicals  hai§  a  greater  explosive  force  than  the  sum  of  the 
strengths  of  the  component  parts  when  exploded  separately. 
Whatever  thfe  reason,  the  fact  seems  established.  The  reason  is 
possibly  that  the  explosion  of  the  nitro-glycerine  is  sufficiently 
powerful  to  produce  a  detonation  of  the  other  chemicals,  which 
is  impossible  td  produce  by  ordinary  means,  and  that  this  explo- 
sion caused  by  detonation  is  more  powerful  than  an  ordinary 
explosion.  The  majority  of  the  explosive  compounds  and 
"powders"  on  the  market  are  of  this  character — a  mixture  of 
20  to  60  per  cent,  of  nitro-glycerine  with  variable  proportions  of 
one  or  more  of  a  great  variety  of  explosive  chemicals. 

The  choice  of  the  explosive  depends  on  the  character  of  the 
rock.  A  hard  brittle  rock  is  most  effectively  blasted  by  a 
detonating  compound.  The  rapidity  with  which  the  full  force 
of  the  explosive  is  developed  has  a  shattering  effect  on  a  brittle 
substance.  On  the  contrary,  some  of  the  softer  tougher  rocks 
and  indurated  clays  are  but  little  affected  by  dynamite.  The 
result  is  but  little  more  than  an  enlargement  of  the  blast-hole. 
Quarrying  must  generally  be  done  with  blasting-powder,  as  the 
quicker  explosives  are  too  shattering.  Although  the  results 
obtained  by  various  experimenters  are  very  variable,  it  may  be 
said  that  pure  nitro-glycerine  is  eight  times  as  powerful  as  black 
powder,  dynamite  (75%  nitro-glycerine)  six  times,  and  gun- 
cotton  four  to  six  times  as  powerful.  For  open  work  where 
time  is  not  particularly  valuable,  black  powder  is  by  far  the 
cheapest,  but  in  tunnel-headings,  whose  progress  determines  the 
progress  of  the  whole  work,  dynamite  is  so  much  more  effective 
and  so  expedites  the  work  that  its  use  becomes  economical. 

150.  Drilling.  Although  many  very  complicated  forms  of 
drill-bare  have  been  devised,  the  best  form  (with  sUght  modifi- 
cations to  suit  circumstances)  is  as  shown  in  Fig.  66  (a),  and  (6). 
The  width  should  flare  at  the  bottom  (a)  about  15  to  30%.  Foe 
hard  rock  the  curve  of  the  edge  should  be  somewhat  flatter  and 
for  soft  rock  somewhat  more  curved  than  sho\'VTi,  Fig.  66,  (a). 
Sometimes  the  angle  of  the  two  faces  is  varied  from  that  given, 
Fig.  66,  (6)  and  occasionally  the  edge  is  purposely  blunted  so 
lis  to  give  a  crushing  rather  than  a  cutting  effect.  The  drills 
will  recjnire  sharpening  for  each  6  to  18  incl.cs  depth  of  hole, 

and  Will  require  a  new  edge  to  be  worked  every  2  te  4  days. 
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For  drilling  vertical  holes  the  chum^rUl  is  the  most  econom- 
ical. The  drill-bar  is  of  iron,  about  6  to  8  feet  long,  IJ"  in 
diameter,  weighs  about  25  to  30  lbs.,  and  is  shod  with  a  piece 
of  steel  welded  on.  The  bar  is  lifted  a  few  inches  between  each 
blow,  turned  partially  around,  and  allowed  to  fall,  the  impact 
doing  the  work.  From  5  to  15  feet  of  holes,  depending  on  the 
character  of  the  rock,  is  a  fair  day's  work — 10  hours.  In  very 
soft  rocks  even  more  than  this  may  be  done.    This  method  is 
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inapplicable  for  inclined  holes  or  even  for  vertical  holes  in  con- 
fined places,  such  as  tunnel-headings.  For  such  places  the  only 
practical  hand  method  is  to  use  hammers.  This  may  be  done 
by  light  drills  and  light  hammers  (one-man  work),  or  by  heavier 
drills  held  by  one  man  and  struck  by  one  or  two  men  with  heavy 
hammers.  The  conclusion  of  an  exhaustive  investigation  as  to 
the  relative  economy  of  light  or  heavy  hammers  is  that  the  light- 
hammer  method  is  more  economical  for  the  softer  rocks,  tlM 
heavy-hammer  method  is  more  economical  for  the  harder  rocks, 
but  that  the  light-hammer  method  is  always  more  expeditious 
and  hence  to  l)e  preferred  when  time  is  important. 

The  subject  of  machine  rock-drills  is  too  vast  to  be  treated 
here.  The  method  is  only  practicable  when  the  amount  of 
work  to  be  done  is  large,  and  especially  when  time  is  Araluable. 
The  machines  are  generally  operated  by  compressed  air  althou^ 
steam  is  also  used  to  operate  the  drills.  Gasoline  as  a  motive 
power  is  even  more  economical  for  a  small-scale  plant.  The 
cost  per  foot  of  hole  drilled  is  quite  variable,  but  is  usually 
somewluit  less  than  that  of  hand-<lrilling — sometimes  but  a  small 
fraction  of  it. 

151.  Position  and  direction  of  drill-holes.  As  the  cost  of  drill- 
ing holes  is  the  largest  single  item  in  the  total  cost  of  blasting^' 
it  is  necessary  that   skill  and  judgment  should  be  used  in 
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locating  the  holes  that  the  blasts  will  be  most  effective.  The 
greatest  effect  of  a  blast  will  evidently  be  in  the  direction  of  the 
"line  of  least  resistance."  In  a  strictly  homogeneous  material 
this  will  be  the  shortest  hne  from  the  center  of  the  explosive  to 
the  surface.  The  variations  in  homogeneity  on  account  of 
laminations  and  seams  require  that  each  case  shall  be  judged 
according  to  experience.  In  open-pit  blasting  it  is  generally 
easy  to  obtain  two  and  sometimes  three  exposed  faces  to  the 

rock,  making  it  a  simple  matter 
^^Mh  to  drill  holes  so  that  a  blast  will 
do  effective  work.  When  a  solid 
face  of  rock  must  be  broken  into, 
as  in  a  tunnel-heading,  the  work 
^P  is  necessarily  ineffectual  and  ex- 
^P-  pensive.  A  conical  or  wedge- 
9.  shaped  mass  will  first  be  blown 
out  by  simultaneous  blasts  in 
the  holes  marked  1,  Fig.  67; 
blasts  in  the  holes  marked  2  and 
3  will  then  complete  the  cross- 
section  of  the  heading.  A  great  saving  in  cost  may  often  be 
secured  by  skilfully  taking  advantage  of  seams,  breaks,  and  irreg- 
ularities. When  the  work  is  economically  done  there  is  but  little 
noise  or  throwing  of  rock,  a  covering  of  old  timbers  and  branches 
of  trees  generally  suflBcing  to  confine  the  smaller  pieces  which 
would  otherwise  fly  up. 

15a.  Amount  of  explosive.  The  amount  of  explosive  required 
varies  as  the  cube  of  the  line  of  least  resistance.  The  best 
results  are  obtained  when  the  line  of  least  resistance  is  }  of  the 
depth  of  the  hole;  also  when  the  powder  fills  about  \  of  the  hole. 
For  average  rock  the  amount  of  powder  required  is  as  follows: 


DRILL  HOLES  IN  TUNNEL  HEADING 
Fia.   67. 


Line  of  leasit  resistance 

2  ft. 
i  lb. 

4  ft. 
2  lbs. 

6  ft. 
6i  lbs. 

8  ft. 

Weisht  of  DO wder 

16  lbs. 

Strict  compliance  with  all  of  the  above  conditions  would  re- 
quire that  the  diameter  of  the  hole  should  vary  for  every  case. 
While  this  is  impracticable,  there  should  evidently  be  some 
variation  in  the  size  of  the  hole,  depending  on  the  work  to  be 
done.  For  example,  a  1"  hole,  drilled  2'  8"  deep,  with  its 
line  of  least  resistance  2'.  and  loaded  with  \  lb.  of  powder,  would 
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be  filled  to  a  depth  of  9J",  which  is  nearly  J  of  the  depth.  A 
3"  hole,  drilled  8'  deep,  with  its  line  of  least  resistanoe  6',  and 
loaded  with  6i  lbs.  of  powder,  would  be  filled  to  a  depth  of  over 
28",  which  is  also  nearly  J  of  the  depth.  One  pound  of  blsstmg* 
powder  will  occupy  about  28  cubic  inches.  Quanying  necean* 
tates  the  use  of  numerous  and  sometimes  repeated  light  chargetol 
powder,  as  a  heavy  blast  or  a  powerful  explosive  like  dynamite 
is  apt  to  shatter  the  rock.  This  requires  more  powder  to  tha 
cubic  yard  than  blasting  for  mere  excavation,  which  may  usually 
be  done  by  the  use  of  J  to  J  lb.  of  j)Owder  per  cubic  yard  of  easy 
open  blasting.  On  account  of  the  great  resistance  offered  by 
rock  when  blasted  in  headings  in  tunnels,  the  powder  used  per 
cubic  yard  will  run  up  to  2,  4,  and  even  6  lbs.  per  cubic  yard. 
As  before  stated,  nitro-glyccrine  is  about  eight  times  (and 
dynamite  about  six  times)  as  powerful  as  the  same  weight  of 
powder. 

153.  Tamping.  Blasting-powder  and  the  slow-burning  ex- 
plosives require  thorough  tamping.  Clay  is  probably  the  beat, 
but  sand  and  fine  powdered  rock  are  also  used.  Wooden  plugSi 
inverted  expansive  cones,  etc.,  are  periodically  reinvented  by 
enthusiastic  inventors,  only  to  be  discarded  for  the  simpler 
methods.  Owing  to  the  extreme  rapidity  of  the  development 
of  the  force  of  a  nitro-glycerinc  or  dynamite  explosion,  tamping 
is  not  so  essential  with  these  explosives,  although  it  unquestion* 
ably  adds  to  their  effectiveness.  Blasting  under  water  has  beeb 
efTectively  accomplished  by  merely  pouring  nitro-glycerfne  into 
the  drilled  holes  through  a  tube  and  then  exploding  the  charge 
without  any  tamping  except  that  furnished  by  the  superincum- 
bent water.  It  has  been  found  that  air-spaces  about  a  charge 
make  a  material  reduction  in  the  effectiveness  of  the  explosion. 
It  is  therefore  necessary  to  carefully  ram  the  explosive  into  a 
solid  mass.  Of  course  the  liquid  nitro-glycerinc  needs  no  ram- 
ming, but  dynamite  should  be  rammed  with  a  wooden  raquper* 
Iron  should  be  can^fuily  avoided  in  ramming  gunpowder*  A 
copper  bar  is  generally  used. 

154.  Exploding  the  charge.  Black  powder  is  generally  ax- 
plod(?d  by  means  of  a  fuse  which  is  essentially  a  cord  in  which 
there  is  a  thin  Vein  of  gunpowder,  the  cord  being  protected  by 
tar,  extra  linings  of  hemp,  cotton,  or  even  gutta-percha.  Th^ 
fuse  is  inserted  into  the  middle  of  the  charge,  and  the  tamping 
carefully  packed  around  it  bo  that  it  will  not  be  injured.     To 
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produce  the  detonation  required  to  explode  nitro-glycerine  i^id 
dynamite,  there  must  be  an  initial  explosion  of  some  easily 
ignited  explosive.  This  is  generally  accomplished  by  means  of 
caps  containing  f ulminating-powder  which  are  exploded  by 
electricity.  The  electricity  (in  one  class  of  caps)  heats  a  very 
fine  platinum  wire  to  redness,  thereby  igniting  the  sensitive 
powder,  or  (in  another  class)  a  spark  is  caused  to  jump  through 
the  powder  between  the  ends  of  two  wires  suitably  separated. 
D3mamite  can  also  be  exploded  by  using  a  small  cartridge  of 
gunpowder  which  is  itself  exploded  by  an  ordinary  fuse. 

155.  Cost  As  a  rough  estimate,  the  cost  of  loosening  and  load-r 
ing  rock  work,  reduced  to  the  uniform  basis  of  $1.00  per  10-hour 
day,  may  be  said  to  vary  from  30c.  for  easy  but  brittle  rock  and 
increasing  to  80c.  per  cubic  yard  when  the  cutting  is  shallow, 
the  rock  especially  tough,  and  the  strata  unfavorably  placed- 
For  a  detailed  analjnsis  of  cost,  which  is  essential  for  close 
estimating,  see  Gillette's  ''Rock  Excavation,  Methods  and  Cost." 

156.  Classificatioii  of  excavated  material.  The  classification 
of  excavated  material  is  a  fruitful  source  of  dispute  between 
contractors  and  railroad  companies,  owing  mainly  to  the  fact 
that  the  variation  between  the  softest  earth  and  the  hardest  roek 
is  so  gradual  that  it  is  very  difticult  to  describe  distinctions 
between  different  classifications  which  are  unmistakable  and 
indisputable  The  classification  frequently  used  is  (a)  earth, 
(6)  loose  rock,  and  (c)  solid  rock.  As  blasting  is  frequently 
used  to  loosen  "loose  rock"  and  even  "earth"  (if  it  is  frozen), 
the  fact  that  blasting  is  employed  cannot  be  used  as  a  criterion, 
especially  as  this  would  (if  allowed)  lead  to  unnecessary  blasting 
for  the  sake  of  classifying  material  as  rock. 

Earth.  This  includes  clay,  sand,  gravel,  loam,  decomposed 
rock  and  slate,  boulders  or  loose  stones  not  greater  than  1  cubic 
foot  (3  cubic  feet,  P.  R.  R.),  and  sometimes  even  "hard-pan." 
In  general  it  will  signify  material  which  can  be  loosened  by  a 
plough  with  two  horses,  or  with  which  one  picker  can  keep  one 
shoveller  busy. 

Loose  reck.  This  includes  boulders  and  loose  stones  of  more 
than  one  cubic  foot  and  less  than  one  cubic  yard;  stratified  rock, 
not  more  than  six  inches  thick,  separated  by  a  stratum  of  clay ; 
also  all  material  (not  classified  as  earth)  which  may  be  loosened 
by  pick  or  bar  and  which  *'Gan  be  quarried  without  blajsting, 
althouf^  blasting  may  occasionally  be  resorted  to," 
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Solid  rock  includes  all  rock  found  in  masses  of  over  one  cubio 
yard  which  cannot  be  removed  except  by  blasting. 

It  is  generally  specified  that  the  engineer  of  the  railroad 
company  shall  be  the  judge  of  the  classiRcation  of  the  maieiiali 
but  frequently  an  appeal  is  taken  from  his  decisions  to  the 
courts. 

157.  Specifications  for  earthwork.  The  following  speoifiofr- 
tions,  issued  by  the  Norfolk  and  Western  R.  R.,  represent  the 
average  requirements.  It  should  be  remembered  that  veiy 
strict  specifications  invariably  increase  the  cost  of  the  work, 
and  frequently  add  to  the  cost  more  than  is  gauied  by  improved 
quality  of  work. 

1.  The  grading  will  be  estimated  and  paid  for  by  the  cubie 
yard,  and  will  include  clearing  and  grubbing,  and  all  open  ex- 
cavations, channels,  and  embankments  required  for  the  formfr* 
tion  of  the  roadbed,  and  for  turnouts  and  sidings;  cutting  all 
ditches  or  drains  about  or  contiguous  to  the  road;  digging  the 
foundation-pits  of  all  culverts,  bridges,  or  walls;  reconstructing 
turnpikes  or  common  roads  in  cases  where  they  are  destroyed  or 
interfered  with;  changing  the  course  or  channel  of  streams;  and 
all  other  excavations  or  embankments  connected  with  or  incident 
to  the  construction  of  said  Railroad. 

2.  All  grading,  except  where  otherwise  specified,  whether 
for  cuts  or  fills,  will  be  measured  in  the  excavations  and  will  be 
classified  under  the  following  heads,  viz.:  Solid  Rock,  Loose 
Rock,  Hard-pan,  and  Earth. 

Solid  Rock  shall  include  all  rock  occurring  in  masses  which, 
in  the  judgment  of  the  said  Engineer  Maintenance  of  Way,  may 
be  best  removed  by  blasting. 

Loose  Rock  shall  include  all  kinds  of  shale,  soapstone,  and 
other  rock  which,  in  the  judgment  of  the  said  Engineer  MaiiH 
tenance  of  Way,  can  be  removed  by  pick  and  bar,  and  is  soft  and 
loose  enough  to  be  removed  without  blasting,  although  blasUng 
may  be  occasionally  resorted  to ;  also,  detached  stone  of  leas  than 
one  (1)  cubic  yard  and  more  than  one  (1)  cubic  foot. 

Hard-pan  shall  consist  of  tough  indurated  clay  or  cemented 
gravel,  which  requires  blasting  or  other  equally  expensive 
means  for  its  removal,  or  which  cannot  be  ploughed  with  Im 
than  four  horses  and  a  railroad  plough,  or  which  requires  two 
pickers  to  a  shoveller,  the  said  Engineer  Maintenance  of  Way 
to  be  the  judge  of  these  conditions. 
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Earth  shall  include  all  material  of  an  earthy  nature,  of  what- 
ever name  or  character,  not  unquestionably  loose  rock  or  hard- 
pan  as  above  defined. 

Powder.  The  use  of  powder  in  cuts  will  not  be  considered 
as  a  reason  for  any  other  classification  than  earth,  unless  the 
material  in  the  cut  is  clearly  other  than  earth  under  the  above 
specifications. 

3.  Earth,  gravel,  and  other  materials  taken  from  the  exca- 
vations, except  when  otherwise  directed  by  the  said  Engineer 
Maintenance  of  Way  or  his  assistant,  shall  be  deposited  in  the 
adjacent  embankment;  the  cost  of  removing  and  depositing 
which,  when  the  distance  necessary  to  be  hauled  is  not  more 
than  sixteen  hundred  (1600)  feet,  shall  be  included  in  the  price 
paid  for  the  excavation. 

4.  Extra  Haul  will  be  estimated  and  paid  for  as  follows: 
whenever  material  from  excavations  is  necessarily  hauled  a 
greater  distance  than  sixteen  hundred  (1600)  feet,  there  shall  be 
paid  in  addition  to  the  price  of  excavation  the  price  of  extra 
haul  per  100  feet,  or  part  thereof,  after  the  first  1600  feet;  the 
necessary  haul  to  be  determined  in  each  case  by  the  said  Engi- 
neer Maintenance  of  Way  or  his  assistant,  from  the  profile  and 
cross-sections,  and  the  estimates  to  be  in  accordance  therewith. 

5.  All  embankments  shall  be  made  in  layers  of  such  thick- 
ness and  carried  on  in  such  manner  as  the  said  Engineer  Mainte- 
nance of  Way  or  his  assistant  may  prescribe,  the  stone  and  heavy 
materials  being  placed  in  slopes  and  top.  And  in  completing 
the  fills  to  the  proper  grade  such  additional  heights  and  fulness 
of  slope  shall  be  given  them,  to  provide  for  their  settlement,  as 
the  said  Engineer  Maintenance  of  Way,  or  his  assistant,  may 
direct.  Embankments  about  masonry  shall  be  built  at  such 
times  and  in  such  manner  and  of  such  materials  as  the  said  Engi- 
neer Maintenance  of  Way  or  his  assistant  may  direct. 

6.  In  procuring  materials  for  embankments  from  without 
the  line  of  the  road,  and  in  wasting  materials  from  cuttings,  the 
place  and  manner  of  doing  it  shall  in  each  case  be  indicated  by 
the  Engineer  Maintenance  of  Way  or  his  assistant;  and  care 
must  be  taken  to  injure  or  disfigure  the  land  as  little  as  possible. 
Borrow-pits  and  spoil-banks  must  be  left  by  the  Contractor  in 
regular  and  sightly  shape. 

7.  The  lands  of  the  said  Railroad  Company  shall  be  cleared 
to  the  extent  required  by  the  said  Engineer  Maintenance  of 
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Way,  or  his  assistant ,  of  all  treed,  brushes,  Idgs^  and  other  perish- 
able materials,  which  shall  be  destroyed  by  burning  or  deposited 
in  heaps  as  the  said  Engineer  Maintenance  of  Way,  or  his  asust- 
ant,  liiay  direct.  Large  treed  must  be  cut  not  more  than  ttvo 
and  one-half  (2^)  feet  from  the  ground^  and  under  embank- 
ments less  than  four  (4)  feet  high  they  shall  be  cut  close  to  the 
ground.  All  small  trees  and  bushes  shall  be  cut  dose  to  the 
ground. 

8.  Clearing  shall  be  estimated  and  paid  for  by  the  acre  or 
fraction  of  an  acre. 

9.  All  stumps,  roots,  logs,  'and  other  obstructions  shall  be 
grubbed  out,  and  removed  from  all  places  where  embankmenU 
occur  less  than  two  (2)  feet  in  height;  also,  from  all  places  whem 
excavations  occur  and  from  such  other  places  as  the  said  EngH 
neer  Maintenance  of  Way  or  his  assistant  may  directs 

10.  Grubbing  shall  be  estimated  and  paid  fur  by  the  acre  or 
fraction  of  an  acre. 

11.  Contractors,  when  directed  by  the  said  Engineer  Main- 
tenance of  Way  or  his  assistant  in  charge  of  the  work,  will  deposit 
on  the  side  of  the  road,  or  at  such  convenient  points  as  may  be 
designated,  any  stone,  rock,  or  other  materials  that  they  may 
excavate;  and  all  materials  excavated  and  deposited  as  abov% 
together  with  all  timber  removed  from  the  line  of  the  road,  wiU 
be  considered  the  property  of  the  Railroad  Company,  and  thb 
Contractors  upon  the  respective  sections  will  be  responsible  for 
its  safe-keeping  until  removed  by  said  Railroad  Company,  or 
until  their  work  is  finished. 

12.  Contractors  will  be  accountable  for  the  maintenance  of 
safe  and  convenient  places  wherever  public  or  private  roads  ate 
in  any  way  interfered  with  by  them  during  the  progress  of  thi 
work.  They  will  also  be  responsible  for  fences  tlut>wn  doiOy 
and  for  gates  and  bars  left  open,  and  for  all  damages  occaaoned 
thereby. 

13.  Temporary  bridges  and  trestlei^,  erects  to  facilitate  tin 
progress  of  the  work,  in  case  of  delays  at  masonry  airuotum 
from  any  cause,  or  for  other  reasons,  will  be  at  the  ezpeoas  ct 
the  Contractor. 

14.  The  line  of  road  or  the  gradients  may  be  changed  in  t0f 
manner,  and  at  any  time,  if  the  said  Engineer  liaintenaiifle  d 
Way  or  his  assistant  shall  consider  such  a  change  neceaflary  or 
expedient;  but  no  claim  for  an  increase  in  prices  of  eixoavatisi 
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or  embankment  on  the  part  of  the  Contractor  will  be  allowed 
or  considered  unless  made  in  writing  before  the  work  on  that 
part  of  the  section  where  the  alteration  has  been  made  shall  have 
been  commenced.  The  said  Engineer  Maintenance  of  Way  or 
his  assistant  may  also,  on  the  conditions  last  recited,  increase  or 
diminish  the  length  of  any  section  for  the  purpose  of  more  nearly 
equalizing  or  balancing  the  excavations  and  embankments,  or 
for  any  other  reason. 

15.  The  roadbed  will  be  graded  as  directed  by  the  said  En- 
gineet*  Maintenance  of  Way  or  his  assistant,  and  in  conformity 
with  such  breadths,  depths,  and  slopes  of  cutting  and  filling  as 
he  may  prescribe  from  time  to  time,  and  no  part  of  the  work 
will  be  finally  accepted  until  it  is  properly  completed  and  dressed 
otf  at  the  required  grade. 


V 

leni 


CHAPTER  IV. 

TRESTLES. 

58.  Extent  of  use.  Trestles  constitute  from  1  to  3%  of  tlie 
ength  of  the  average  railroad.  It  was  estimated  in  1S89  that 
there  was  then  about  2400  miles  of  single-track  railway  trestle 
in  the  United  States,  divided  among  150,000  structures  and  esti- 
mated to  cost  about  $75,000,000.  The  annual  charge  for  main- 
tenance, estimated  at  J  of  the  cost,  therefore  amounted  to  dbout 
$9,500,000  and  necessitated  the  annual  use  of  perhaps  300,000,000 
ft.  B.  M.  of  timber.  The  corresponding  figures  at  the  present 
time  must  be  somewhat  in  excess  of  this.  The  magnitude  of 
this  use,  which  is  causing  the  rapid  disappearance  of  forests,  has 
resulted  in  endeavors  to  limit  the  use  of  timber  for  this  purpose. 
Trestles  may  be  considered  as  justifiable  imder  the  following 
conditions: 

a.  Permanent  trestles. 
'    1.  Those     of    extreme    height  —  then    called    viaducts    and 
frequently  constructed  of  steel,  as  the    Kinzua  viaduct,  302 
feet  high. 

2.  Those  across  wide  shallow  waterways — e.g.,  that 
Lake  Pontchartmin,  near  New  Orleans,  22  miles  long. 

3.  Those  across  swamps  of  soft  deep  mud,  or  across  a 
bottom,  liable  to  occasional  overflow. 

b.  Temporary  trestles. 

1.  To  open  the  road  for  traffic  as  quickly  as  possible — oftai 
a  reason  of  great  financial  importance. 

2.  To  quickly  replace  a  more  elaborate  structure^  destrogred 
by  accident,  on  a  road  already  in  operation,  so  that  the  into^ 
ruption  to  trafTic  shall  be  a  minimum. 

3.  To  form  an  earth  embankment  with  earth  brought  from 
a  distant  point  by  the  train-load,  when  such  a  measute  would. 
cost  less  than  to  borrow  earth  in  the  immediate  neighborhood. 

4.  To  bridge  an  opening  temporarily  and  thus  allow  timatt. 
learn  the  regimen  of  a  stream  in  order  to  better  proportion  At  j 
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size  of  the  waterway  and  also  to  facilitate  bringing  suitable  stone 
for  masonry  from  a  distance.  In  a  new  country  there  is  always 
the  double  danger  of  either  building  a  culvert  too  small,  requir- 
ing expensive  reconstruction,  perhaps  after  a  disastrous  washout, 
or  else  wasting  money  by  constructing  the  culvert  unnecessarily 
large.  Much  masonry  has  been  built  of  a  very  poor  quality  of 
stone  because  it  could  be  conveniently  obtained  and  because 
good  stone  was  unobtainable  except  at  a  prohibitive  cost  foj. 
transportation.  Opening  the  road  for  traffic  by  the  \ise  of 
temporary  trestles  obviates  both  of  these  difficulties. 

159,  Trestles  vs.  embankments.  Low  embankments  are  very 
much  cheaper  than  low  trestles  both  in  first  cost  and  mainte- 
nance. Very  high  embankments  are  very  expensive  to  con- 
struct, but  cost  comparatively  little  to  maintain.  A  trestle  of 
equal  height  may  cost  much  less  to  construct,  but  will  be  expen- 
sive to  maintain — perhaps  J  of  its  cost  per  year.  To  determine 
the  height  beyond  which  it  will  be  cheaper  to  maintain  a  trestle 
rather  than  build  an  embankment,  it  will  be  necessary  to  allow 
for  the  cost  of  maintenance.  The  height  will  also  depend  on 
the  relative  cost  of  timber,  labor,  and  earthwork.  At  the  pres- 
ent average  values,  it  will  be  found  that  for  less  heights  than 
25  feet  the  first  cost  of  an  embankment  will  generally  be  less 
than  that  of  a  trestle;  this  implies  that  a  permanent  trestle 
should  never  be  constructed  with  a  height  less  than  25  feet  except 
for  the  reasons  given  in  §  158.  The  height  at  which  a  permanent 
trestle  is  certainly  cheaper  than  earthwork  is  more  uncertain. 
A  high  grade  Une  joining  two  hills  will  invariably  imply  at  least 
a  culvert  if  an  embankment  is  used.  If  the  culvert  is  built  of 
masonry,  the  cost  of  the  embankment  will  be  so  increased  that 
the  height  at  which  a  trestle  becomes  economical  will  be  mate- 
rially reduced.  The  cost  of  an  embankment  increases  much 
more  rapidly  than  the  height — with  very  high  embankments 
more  nearly  as  the  square  of  -the  height — while  the  cost  of 
trestles  does  not  increase  as  rapidly  as  the  height.  Although 
local  circumstances  may  modify  the  application  of  any  set  rules, 
it  is  probably  seldom  that  it  will  be  cheaper  to  build  an  embank- 
ment 40  or  50  feet  high  than  to  permanently  maintain  a  wooden 
trestle  of  that  height.  A  steel  viaduct  would  probably  be  the 
best  solution  of  such  a  case.  These  are  frequently  used  for 
permanent  structures,  especially  when  very  high.  The  cost  of 
xoaintenanee  is  much  less  than  that  of  wood,  which  makes  the 
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use  of  steel  preferable  for  permanent  trestles  unless  wood  is 
abnormally  cheap.    Neither  the  cost  nor  the  construction  of 
V    ^el  trestles  will  be  considered  in  this  chapter. 

1 60.  Two  principal  types,  TLere  are  two  principal  types  of 
wooden  trestles — pile  trestles  and  framed  trestles.  The  great 
objection  to  pile  trestles  is  the  rapid  rotting  of  the  portion  of  the 
pile  which  is  underground,  and  the  difficulty  of  renewal.  The 
maximum  height  of  pile  trestles  is  about  30  feet,  and  even  this 
height  is  seldom  reached.  Framed  trestles  have  been  con- 
structed to  a  height  of  considerably  over  100  feet  They  are 
frequently  built  in  such  a  manner  that  any  injured  piece  may  be 
readily  taken  out  and  renewed  without  interfering  with  traffic. 
Trestles  consist  of  two  parts — the  supjwrts  called  "bents,"  and 
the  stringers  and  floor  system.  As  the  stringers  and  floor  system 
are  the  same  for  both  pile  and  framed  trestles,  the  '^bente"  are 
all  that  need  be  considered  separately. 


PILE   TRESTLES. 

161.  Pile  bents.  A  pile  bent  consists  generally  of  four  piles 
driven  into  th(;  ground  deep  enough  to  afford  not  only  sufficient 
vertical  resistance  but  also  lateral  resistance.  On  top  of  these 
piles  is  placed  a  horizontal  "cap."  The  caps  are  fastened  to 
the  tops  of  the  piles  by  methods  illustrated  in  Fig.  08.  TTie 
method  of  fastening  shown  in  each  case  should  not  be  considered 
as  applicable  only  to  the  particular  type  of  pile  bent  used  to  illuv* 
trate  it.  Fig.  68  (a  and  d)  illustrates  a  mortise-joint  with  a  baid* 
wood  pin  about  IJ"  in  diameter.  The  hole  for  the  pin  should 
be  bored  separately  through  the  cap  and  the  mortise,  and  tto 
hole  through  the  cap  should  be  at  a  slightly  higher  level  thftH 
that  through  the  mortise,  so  that  the  cap  will  be  drawn  down 
tight  when  the  pin  is  driven.  Occasionally  iron  dowels  (aa 
iron  pin  about  1|"  in  diamctcr'and  about  8"  long)  are  inserted 
])artly  in  the  cap  and  partly  in  the  pile.  The  use  of  drift-bdti^ 
showTi  in  Fig.  68  (6),  is  cheaper  in  first  cost,  but  rcndeis  repailf 
and  renewals  very  troublesome  and  expensive.  "  Split  caps," 
shown  in  Fig.  68  (c),  are  formed  by  bolting  two  halfHsizc  strips 
on  each  side  of  a  tenon  on  top  of  the  pile.  Repairs  are  veiy 
ca.sily  and  cheaply  made  without  interference  with  the  tralBe 
and  without  hijuring  other  pieces  of  the  bent.  The  smaDv 
pieces  are  more  easily  obtainable  in  a  sound  condition;    tl0 
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decay  o!  one  does  not  afTect  the  other,  and  the  first  coat  is  but 
little  if  any  greater  than  the  method  of  using  a  siogle  piece.  For 
further  discussion,  sec  J  170. 

For  ¥ery  light  traffic  and  for  a  height  of  about  5  fe«t  three 
vertical  pilea  will  suffice,  as  shown  in  Fig,  68  (a).    Uptoabei^t 


of  8  or  10  feet  foUr  piles  may  be  used  without  Bwny-brncinft,  os 
in  Fig.  flS  (61,  if  the  piles  have  a  good  hearing.  For  heights 
greater  than  10  feet  sway-bracing  is  generally  necessary.  The 
outside  pilea  are  frequently  driven  with  a  batter  varying  from 
1 :  12  to  1 ;  4. 

Piles  are  made,  if  possible,  from  timber  obtained  in  the 
vicinity  of  the  work.  Durability  is  the  great  requisite  rather 
than  Btifength,  for  almost  any  timber  is  strong  enough  (except 
aa  noted  below)  and  will  be  suitable  if  it  will  resist  rapid  decay. 
The  foUoiting  list  id  quoted  as  t>emg  in  the  order  of  preference 
on  account  ti  dur^ility  ■ 

1.  RedcMlsT  I  S.  White  pine  I    9.  White  oak  112.  BUtkoak 

S.  R«de]ri>rea       8.  Hsilwood            10.  PosKiak  13.  Hemiack 

3.  ritEh-PI»           7.  Elm                     11.  Red  oak  14.  Tamatac 

4.  Yellow  pine  I  8.  Siiruce  I  | 

Red-cedar  piles  are  said  to  have  an  average  life  of  27  years 
with  a  poesibl?  maximum  of  50  years,  but  the  timber  is  rather 
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weak,  and  if  exposed  in  a  river  to  flowing  ice  or  driftwood  is 
apt  to  be  injured.  Under  these  circumstances  oak  is  prefer- 
able, although  its  life  may  be  only  13  to  18  years. 

162.  Methods  of  driving  piles.  The  following  are  the  piia- 
cipal  methods  of  driving  piles: 

a.  A  hammer  weighing  2000  to  3000  lbs.  or  more,  sliding 
in  guides,  is  drawn  up  by  horse-power  or  a  portable  engine,  and 
the  "  nippers  "  or  "  tongs,"  which  hold  the  hammer,  are  released 
by  a  light  trip-rope,  which  permits  the  hammer  to  fall  freely. 

b.  The  drum  of  a  steam  hoisting  engine  is  gripped  and  released 
by  some  form  of  clutch.  When  the  hammer  has  been  raised 
and  the  clutch  released,  the  hammer  falls,  dragging  the  rope 
and  turning  the  drum.  The  energy  of  the  blow  is  thus  some- 
what reduced,  falsely  increasing  the  apparent  resistance.  But 
the  hammer  works  much  faster,  the  number  of  blows  per  minute 
varying  from  12  to  25,  depending  on  the  height  of  fall.  Hie 
mechanism  for  both  of  these  methods  is  comparatively  simpk 
and  inexpensive,  and  can  be  easily  transported  into  a  new 
country. 

c.  Steam  pile-drivers.  The  hammer  weighs  3000  to  5000  lbs., 
and  has  a  movement  of  36  to  40  inches,  striking  60  to  80  blows 
per  minute.  The  ram  is  raised  by  steam  pressure.  The  older 
types  are  single-acting  the  ram  falling  by  gravity.  Some  later 
types  are  double-acting,  the  ram  being  forced  down  by  steam 
pressure,  which  increases  both  the  force  and  the  rapidity  of  the 
blows.  Very  rapid  blows,  which  do  not  allow  time  for  the  soil 
to  settle  around  the  pile  between  consecutive  blows,  are  more 
effective  and  encounter  less  resistance.  The  destructive  impact 
of  a  weight  of  5000  lbs.  falling  only  3  feet  is  but  a  small  part  of 
that  of  3000  lbs.  falling  20  feet  and  there  is  less  danger  of  over- 
driving and  rupturing  the  pile. 

d.  Water  jet.  Whenever  a  sufficient  supply  of  water  is  avail- 
able, and  especially  when  the  soil  is  sandy,  pile  driving  is  facilitatei 
by  forcing  water  through  a  pipe  driven  into  the  ground  near  the 
desired  location  of  the  pile.  Two  or  even  throe  pipes  per  pfls 
may  bo  used.  The  former  practice  was  to  attach  the  pipes  to 
the  pile,  but  the  pipes  were  often  broken  when  withdrawn,  and 
present  practice  keeps  the  jet  inde]icndent  of  the  pile,  chuniiDg 
it  up  and  down  near  the  pile  iK)int  by  means  of  a  rope  nmning 
through  a  block  on  the  driver  loads  and  leading  to  a  hand-windi 
or  to  a  niggcr-head  on  the  cnguie.    When  the  soil  is  yerj  aofti 
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piles  may  be  sunk,  using  the  jet  only,  or  with  the  aid  of  weights 
loaded  on  the  pile,  but  a  hammer  is  essential  for  harder  ground, 
especially  for  driving  the  last  few  blows,  the  penetration  of  which 
will  give  a  measure  of  the  resisting  power  of  the  pile — see  §  163. 
Although  the  jet  has  been  employed  using  a  hand-pump,  effective 
work  requires  the  use  of  a  power  pump,  with  a  2"  pipe  for  the 
jet,  a  pressure  up  to  a  maximum  of  about  200  lbs  per  square  inch, 
and  a  flow  of  250  to  500  gallons  per  minute.  Many  other  details 
regarding  pile  driving  are  given  in  §  167. 

Excessive  driving  frequently  fractures  the  pile  below  the 
surface  and  thereby  greatly  weakens  its  bearing  power.      To 
prevent  excessive  "brooming"  of  the  top  of  the 
pile,  owing  to  the  action  of  the  hammer,  the  top 
should  be  protected  by  an  iron  ring  fitted  to  the 
top  of  the  pile.     The  "brooming"  not  only  ren- 
ders the  driving  ineffective  and  hence  uneconomi- 
cal, but  vitiates  the  value  of  any  test  of  the  bearing 
power  of  the  pile  by  noting  the  sinking  due  to  a 
given  weight  falling  a  given  distance.     If  the  pile 
is  so  soft  that  brooming  is  unavoidable,  the  top 
FiQ.  00.      should  be   adzed   off  frequently,   and  especially 
should  it  be  done  just  before  the  final  blows  which  are  to  test  its 
bearing-power. 

In  a  new  country  judgment  and  experience  will  be  required 
to  decide  intelligently  whether  to  employ  a  simple  drop-hammer 
machine,  operated  by  horse-power  and  easily  transported  but 
uneconomical  in  operation,  or  a  more  complicated  machine 
working  cheaply  and  effectively  after  being  transported  at 
greater  expense. 

163.  Pile-driving  formulae.  If  i^=the  resistance  of  a  pile, 
and  8  the  set  of  thd  pile  during  the  last  blow,  w  the  weight  of 
the  pile-hammer,  and  h  the  fall  during  the  last  blow,  then  we 

may  state  the  approximate  relation  that  Rs^wh,  or  i^  =  — , 

This  is  the  basic  principle  of  all  rational  formulae,  but  the  maxi- 
mum weight  which  a  pile  will  sustain  after  it  has  been  driven 
some  time  is  by  no  means  the  same  as  the  resistance  of  the  pile 
during  the  last  blow.  There  are  also  many  other  modifying 
elements  which  have  been  variously  allowed  for  in  the  many 
proposed  formulaB.  The  formulae  range  from  the  extreme  of 
empirical  simplicity  to  very  complicated  attempts  to  allow 
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properly  for  all  modifying  causes.  As  the  simplest  nilei  the 
A.  R.  E.  A.  specifications  require  that  the  piles  shall  be  driven 
until  the  pile  will  not  sink  more  than  2^  inches  under  five  consecu- 
tive blows  of  a  3000-lb  hammer  falling  15  feet.    The  ^'Engineering 

News  formula  "  *  gives  the  safe  load  as  — — -,  in  which  to  = 

5  +  1 

weight  of  hammer,  /i  =  fall  in  feet,  s=set  of  pile  in  inches  under 

the  last  blow.     Tliis  formula  is  derived  from  the  above  basic 

formula  by  calling  the  safe  load  I  of  the  final  resistance,  and 

by  adding  (arbitrarily)  1  to  the  final  set  («)  as  a  compensation 

for  the  extra  resistance  caused  by  the  settling  of  earth  around 

the  pile  between  each  blow.     This  formula  is  used  only  for 

ordinary  hammer-driving.     \\Tien  the  piles  are  driven  by  a 

2wh 
steam  pile-driver  the  formula  becomes  safe  load  =  — ttt"  •    In  the 

«+0.1 

last  formula  the  constant  in  the  denominator  is  changed  from 

5+1  to«-f-0.1.     The  constant  (1.0  or  0.1)  is  supposed  to  allow, 

as  before  stated,  for  the  effect  of  the  extra  resistance  caused  by 

the  earth  settling   around  the  pile  between  each  blow.      Tte 

more  rapid  the  blows  the  less  the  opportunity  to  settle  a)id  the 

less  the  proper  value  of  the  constant. 

The  above  formulae  liave  been  given  on  account  of  their 
simplicity  and  their  practical  agreement  with  experience.  Many 
other  formulae  have  been  proposed,  the  majority  of  which  are 
more  complicated  and  attemj)t  to  take  into  account  the  weight  of 
the  pile,  resistance  of  the  guides,  etc.  While  these  elements, 
as  well  as  many  others,  have  their  influence,  their  effect  is  flo 
overshadowed  by  the  indeterminable  effect  of  other  dements— 
as,  for  example,  the  effect  of  the  settlement  of  earth  around  the 
pile  between  blows — that  it  is  useless  to  attempt  to  employ  any^ 
thing  but  a  purely  empirical  formula. 

For  the  most  careful  work,  dependence  is  placed  on  Ae 
actual  load  which  may  be  carried,  without  yielding,  \xy  t0t 
piles,  driven  on  the  site  of  the  work.  In  §167,  par.  16-3I\ 
some  Am.  Rwy.  Eng.  Assoc,  rules  are  quoted  regarding  the  on 
of  test  piles. 

Examples.  1.  A  pile  was  driven  with  an  ordinary  li^wmMP 
weighing  2500  i^ounds  until  the  sinking  under  five  conaeciitifS 
blows  was  15^  inches.     The  fall  of  the  hammer  during  the  M 

♦  Engineering  News,  Nov.  17,  1892. 
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blows  was  'ii  feet.    What  was  the  eafe  bearing  power  of  the 
IHlet 

2wh     2X2500X24     120000     ^,^  , 

«Ti=axr5:5)Ti-^i — 29300  pou-d,. 

8.  Piles  are  beiog  driven  into  a  firm  soil  with  a  steam  jule- 
driver  until  they  show  a  safe  bearing  power  of  20  tona.  The 
bamnier  w^ig^  ^SOO  pounds  and  itfi  fall  is  40  inches.  What 
should  be  the  sinking  under  the  final  blow? 

-nnnn       210*       2X5500X3.33 


164.  Pils-pDiflts  and  pile-sboM.    Files  are  generally  sharpei 
to  a  bhint  point.    II  the  pile  is  liable  ta  etritce  boiildere,  suiikeQ 

logs,  or  othe;  obstructions  which  are 

liable  to  Uttn  the  point,  it  ii  necessary 

to  protect  the  poipt  by  soiiie  form  of 

sbpe.     Several  forms  in  cast  iron  have 

teen   "sed,  also   a  wrought-iron   shoe, 

-  i^ft  having   lo\ir  "straps"   rsctiating  from 

Uii-^J}',  tl"^  apex,  the  straps  being  nailed  on  to 

■f  *»  I  ij  the  pile,  as  shown  in  Fig.  ?0  (b).     TV 

Hi    lit,]  oaat-iron  fomi  shown  in  I'ig-  70  (■•) 

r*' '    tjB  has  a  |>ase  past  around  a  dnfl-bolt. 

' '  '■  The  rpcesa  on  the  top  of  the  base  re- 

Ffo-  TO-  ceives  the  bottom  of  the  pile  and  pre  - 

vents  a  tep()ewy  U>  split  the  bottom  of  the  pile  or  to  force  the 

ehpe  (^  laterally'    See  £  167,  par.  23. 

165.  Details  of  design.  Np  theoretioal  calculations  of  th/e 
ftiwuth  qf  pile  bents  need  be  atteinpt«d  on  account  of  the  ex- 
treqiGi  nopiplicalion  of  the  theoretical  strains,  the  uncertainty  as 
ta  the  r^  atrepglb  of  the  tiinber  used,  the  variabihty  of  that 
strength  with  time,  and  the  insignificance  of  the  economy  that 
would  be  pM^bl^  even  if  eukct  siies  could  be  camputed.  The 
caps  are  generally  14  feet  long  (for  single  track)  with  a  cruss- 
^titm  W'lClS"  «r  12"XU"-     "Split  caps"  would  consist 
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of  two  pieces  6"X12".  The  sway-braces,  never  used  for  IfiBB 
heights  than  6',  are  made  of  3"  X 12"  timber,  and  are  spiked  on 
with  i"  spikes  8"  long.  The  floor  system  will  be  the  same  as 
hat  described  later  for  framed  trestles. 

1 66.  Specifications  for  timber  piles  (Adopted  1909  by 
Amer.  Rwy.  Eng.  Assoc).  1.  This  grade  [railroad  heart  grade] 
includes  white,  burr,  and  post  oak;  longleaf  pine,  Doui^as 
fir,  tamarack,  Eastern  white  and  red  cedar,  chestnut,  Western 
cedar,  redwood  and  cypress.  2.  Piles  shall  be  cut  from  sound 
trees;  shall  be  close-grained  and  soUd,  free  from  defects,  such  as 
injurious  ring  shakes,  large  and  unsound  or  loose  knots,  decay 
or  other  defects,  which  may  materially  impair  their  strength  or 
durabihty.  In  Eastern  red  or  white  cedar  a  small  amount  of 
heart  rot  at  the  butt,  which  does  not  materially  injure  the 
strength  of  the  pile,  will  be  allowed.  3.  Piles  must  be  butt  cut 
above  the  ground  swell  and  have  a  uniform  taper  from  butt  to 
tip.  Short  bends  will  not  be  allowed.  A  line  drawn  from  the 
center  of  the  butt  to  the  center  of  the  tip  shall  lie  within  the  body 
of  the  pile.  4.  Unless  otherwise  allowed,  piles  must  be  cut  when 
sap  is  down.  Piles  must  be  peeled  soon  after  cutting.  All 
knots  shall  be  trimmed  close  to  the  body  of  the  pile.  5.  The 
minimum  diameter  at  the  tips  of  round  piles  shall  be  9  inches 
for  lengths  not  exceeding  30  feet;  8  inches  for  lengths  over  30 
feet  but  not  exceeding  50  feet,  and  7  inches  for  lengths  over  60 
feet  The  minimum  diameter  at  one-quarter  of  the  length  from 
the  butt  shall  be  12  inches  and  the  maximum  diameter  at  the 
butt  20  inches.  6.  The  minimum  width  of  any  side  of  the  tip 
of  a  square  pile  shall  be  9  inches  for  lengths  not  exceeding  30  feet; 
8  inches  for  lengths  over  30  feet  but  not  exceeding  50  feet  and  7 
inches  for  lengths  over  50  feet.  The  minimum  width  of  any  side 
at  one-quarter  of  the  length  from  the  butt  shall  be  12  inches.  7. 
Square  piles  shall  show  at  least  80%  heart  on  each  side  at  any 
cross-section  of  the  stick,  and  all  round  piles  shall  show  at  least 
lOi  inches  diameter  of  heart  at  the  butt. 

The  second  grade  (''  Railroad  falsework  grade ")  indudBi 
other  woods  which  '^  will  stand  driving  "  and  which  cannot  paa 
the  specification  for  proportion  of  heart;  also,  they  are  uauaQy 
not  peeled. 

167.  Pile  driving — ^principles  of  practice.  As  adopted  fay  ths 
Amer.  Rwy.  Eng.  Assoc.  19)  1  and  revised  1915. 

1.  A  thorough  exploration  of  the  soil  by  borings,  or  pralimiaaiy 
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test  piles,  is  the  most  important  prerequisite  to  the  design  and 
construction  of  pile  foimdations. 

2.  Soil  consisting  wholly  or  chiefly  of  sand  is  most  favorable 
to  the  use  of  the  water-jet. 

3.  In  harder  soils  containing  gravel  the  use  of  the  jet 
may  be  advantageous,  if  sufficient  volume  and  pressure  be 
provided. 

4.  In  clay  it  may  be  economical  to  bore  several  holes  in  the 
soil  with  the  aid  of  the  jet  before  driving  the  pile,  thus  securing 
the  accurate  location  of  the  pile,  and  its  lubrication  while  being 
driven. 

5.  In  general,  the  water-jet  should  not  be  attached  to  the  pile, 
but  handled  separately. 

6.  Two  jets  will  often  succeed  where  one  fails.  In  special 
cases  a  third  jet  extending  a  part  of  the  depth  aids  materially  in 
keeping  loose  the  material  around  the  pile. 

7.  Where  the  material  is  of  such  a  porous  character  that  the 
water  from  the  jets  may  be  dissipated  and  fail  to  come  up  in  the 
immediate  vicinity  of  the  pile,  the  utility  of  the  jet  is  uncertain, 
except  for  a  part  of  the  penetration. 

8.  A  steam  or  drop  hammer  should  be  used  in  connection 
with  the  water-jet,  and  used  to  test  the  final  rate  of  penetra- 
tion. 

9.  The  use  of  the  water  jet  is  one  of  the  most  effective  means 
of  avoiding  injury  to  piles  by  overdriving. 

10.  There  is  danger  from  overdriving  when  the  hammer 
begins  to  bounce.  Overdriving  is  also  indicated  by  the  bending, 
kicking  or  staggering  of  the  pile. 

11.  The  brooming  of  the  head  of  the  pile  dissipates  a  part, 
and  in  some  cases  all,  of  the  energy  due  to  the  fall  of  the 
hammer. 

12.  The  steam  hammer  is  usually  more  effective  than 
the  drop  hammer  in  securing  the  penetration  of  a  wooden  pile 
without  injury,  because  of  the  shorter  interval  between 
blows. 

13.  Where  shock  to  surrounding  material  is  apt  to  prove 
detrimental  to  the  structure,  the  steam  hammer  should  always 
be  used  instead  of  the  drop  hammer.  This  is  especially  true 
in  the  case  of  sheet  piling  which  is  intended  to  prevent  the 
paissage  of  water.  In  some  cases  also  the  jet  should  not  be 
used. 
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14.  In  general,  the  resistance  of  piles,  penetrating  soft  mate- 
rial, depending  solely  upon  skin  friction,  is  materially  increased 
after  a  period  of  rest.  This  period  may  be  as  short  as  fifteen 
minutes,  and  rarely  exceeds  twelve  hours. 

15.  Where  a  pile  penetrates  muck  or  a  soft  yielding  material 
and  bears  upon  a  hard  stratum  at  its  foot,  its  strength  should  be 
determined  as  a  column  or  beam;  omitting  the  resistance,  if  any, 
due  to  skin  friction. 

16.  Unless  the  record  of  previous  experience  at  the  same  site 
is  available,  the  approximate  bearing  power  may  be  obtained 
by  loading  test  piles.  The  results  of  loading  test  piles  should  be 
used  with  caution,  unless  their  condition  is  fairly  comparable 
with  that  of  the  piles  in  the  proposed  foundation. 

17.  In  case  the  piles  in  a  foundation  are  expected  to  act  as 
columns,  the  results  of  loading  test  piles  should  not  be  depended 
upon  unless  they  are  sufficient  in  number  to  insure  their  action  in 
a  similar  manner;  and  unless  they  are  stayed  against  lateral 
motion. 

18.  Before  t<!sting  the  penetration  of  a  pile  in  a  soft  material 
where  its  bearing  power  depends  principally,  or  wholly,  upon 
skin  friction,  the  pile  should  be  allowed  to  rest  for  24  houn  after 
driving. 

19.  Where  the  resistance  of  piles  depends  mainly  upon  skin 
friction  it  is  possible  to  diminish  the  combined  strength,  or  bear- 
ing capacity,  of  a  group  of  piles,  by  driving  additional  piks 
within  the  same  area. 

20.  Where  piles  will  foot  in  a  hard  stratum,  investigation 
should  be  made  to  determine  that  this  stratum  is  of  sufficieni; 
depth  and  strength  to  carry  the  load. 

21.  Timber  piles  may  be  advantageously  pointed,  in  some 
cases,  to  a  4-inch  or  6-inch  square  at  the  end. 

22.  Piles  should  not  be  pointed  w^hen  driven  into  soft 
material. 

23.  Shoes  should  be  provided  for  piles  when  the  driving  ii 
very  hard,  especially  in  riprap  or  shale.  These  shoes  should  be 
so  constructed  as  to  form  an  integral  part  of  the  pile. 

24.  The  use  of  a  cap  Ls  advantageous  in  distributing  the  impact 
of  the  hammer  more  uniformly  over  the  head  of  the  pile,  as  well 
IS  in  holding  it  in  position  during  driving. 

z68.  Cost  of  pile  trestles.    The  cost,  per  linear  foot^  of  piling 
lepends  on  the  method  of  driving,  the  scarcity  of  suitable  timberj 
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the  t>nce  of  labor,  the  length  of  the  piles,  and  the  amount  of 
shifting  of  the  pile-driver  required.  The  cost  of  soft-wood 
piles  varies  from  8  to  15  cents  per  lineal  foot,  and  the  cost  of  oak 
piles  varies  from  10  to  30  cents  per  foot,  according  to  the  length, 
the  longer  piles  (costing  more  per  foot.  The  total  cost  of  putting 
the  piles  in  place  is  so  dependent  on  other  items  than  the  cost  of 
driving,  such  as  the  cost  of  shifting  the  driver,  getting  the  piles 
into  the  leaders,  straightening  and  bracing  them,  leveling  and 
nailing  guide  strips  for  sawing  them  off,  and  then  the  actual 
sawing,  that  there  is  a  wide  variation  in  the  figures  that 
are  obtainable  for  the  cost  of  such  work.  Of  course  the 
cost  per  pile  of  driving  is  also  dependent  on  the  total  num- 
ber of  piles  in  the  job.  The  cost  per  pile  of  placing  a  dozen 
piles  for  a  single  foundation  would  be  far  greater  than  the 
cost  per  pile  for  several  hundred  piles  in  one  job.  Among  a 
large  number  of  obtainable  figures  the  average  figure  of  $1.54 
per  pile  for  driving  1267  piles  in  46  days  is  typical.  Another 
quoted  figure  is  $2.88  each,  for  driving  391  piles  in  32  working 
days.  On  another  job  it  cost  $150  to  drive  thirty  30-foot  piles, 
or  an  average  of  $6  each.  In  this  case  the  piles  cost  $1.50  each 
or  only  5  cents  per  lineal  foot.  The  above  cost  figures  are  taken 
from  Gillette's  "  Handbook  of  Cost  Data  "  to  which  the  student 
is  referred  for  numerous  examples  of  the  cost  of  piles  and  pile- 
driving,  as  well  as  innumerable  other  cost  analyses. 

Specifications  generally  say  that  the  piling  will  be  paid  for 
per  lineal  foot  of  piling  left  in  the  work.  The  wastage  of  the  tops 
of  piles  sawed  off  is  always  something,  and  is  frequently  very 
large.  Sometimes  a  small  amount  per  foot  of  piling  saWed  off  is 
allowed  the  contractor  as  compensation  for  his  loss.  This 
reduces  the  contractor's  risk  and  possibly  reduces  his  bid  by 
an  equal  or  greater  amount  than  the  extra  amount  Actually 
paid  him. 

FRAMED   TRESTLES 

169.  typical  desig!ii.  A  typical  design  for  a  framed  trestle 
bent  is  given  in  Fig.  71.  This  represents,  with  slight  variations 
of  detail,  the  plan  according  to  which  a  large  part  of  the  framed 
trestle  bents  of  the  country  have  been  built — i.e.,  of  those  less 
than  20  or  30  feet  in  height,  not  requiring  multiple  story  con- 
struction. 

170.  Jointtt.    (a)  The  inortise-and-tenon  joint  is  illustrated  in 
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Fig.  71  and  aiao  in  Fig.  68  (a).    The  tenon  should  be  about 


Fig.  71. 

3"  thick,  8"  wide,  and  5i"  long.  The  mortise  abould  be  eat 
a  littlfi  (Ipeper  than  the  tenon.  "Drip-holes" 
from  the  mortise  to  the  outside  will  aaaist  in 
driiining  oFF  water  that  may  accumulftte  in  the 
joint  and  thus  prevent  the  rapid  decay  that 
would  otherwise  ensue.  These  joints  are  veiy 
troublesome  if  a  single  post  decays  and  requirei 
renew.il.  It  is  generally  required  that  the  mor- 
Fia.  7a.  tise  and  tenon  shoiild  he  thoroughly  dsiubed 
with  paint  before  putting  them  together.  This  will  t«nd  to 
make  the  joint  water-light  and  prevent  decay  from  the  accu- 
mulation and  retention  of  water  in  the  joint. 

(b)  The  plaster  joint  This  joint  is  made  br  bolting  jmd 
spiking  a  3"Xl2"  pl.ank  on 
both  sides  of  the  joint.  The 
cap  and  sill  should  be 
notched  to  receive  the  posts. 
Repairs  are  greatly  facili- 
tated by  the  use  of  these 
joints.  This  method  has  been 
used  by  the  Delaware  and 
Hudson  Canal  C3o.  [II.  U.]. 

(c)  Iron  plates.    An  iron  plate  of  the  form  shown  in  Fig.  74 
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(b)  is  beat  and  used  as  shown  in  Fig.  74  (a).    Bolts  passing 
through    the    bolt  -  holes 

shown  secure  the  plates 
to  the  timbers  and  make 
a  strong  joint  which  may- 
be readily  loosened  for  re- 
pairs. By  slight  modifi- 
cations in  the  design  the 
method  may  be  used  for 
inclined  posts  and  compli- 
cated joints. 

(d)  split  caps  and  siUs. 
These    are    described    in 

S  161.     Their   advantages   apply   with   even   greater   force   to 
framed  trestles. 

(e)  Dowels  and  drift-bolts.  These  joints  facilitate  cheap  and 
rapid  construction,  but  renewals  and  repairs  are  very  difficult,  it 
being  almost  impossible  to  extract  a  drift-bolt,  which  has  been 
driven  its  full  length,  without  splitting  open  the  pieces  contain- 
ing it.  Notwithstanding  this  objection  they  are  extensively 
used,  especially  for  temporary  work  which  is  not  expected  to 
be  used  long  enough  to  need  repairs. 

171.  Hultiple-atory  conBtmc- 
tion.  Single-story  framed  trestle 
bents  are  used  for  heights  up 
to  18  or  20  feet  and  exceplion- 
ally  up  to  30  feet.  For  greater 
heights  some  such  eonstruotion  as 
is  illustrated  in  a  .skeleton  design 
in  Fig.  75  is  used.  By  using  split 
sills  between  each  story  and  sepa- 
rate vertical  and  batter  post-s  in 
each  stnry,  any  piece  may  readily 
be  removed  and  renewed  if  neces- 
sary. The  height  of  these  stories 
varies,  in  different  designs,  from 
15  to  25  and  even  30  feet.  In 
some  designs  the  structure  of  each 
story  is  independent  of  the  stories 
'"'      '  above   and   below.     This   greatly 

facilitAtes  both  the  original  construction  and  si]l>sequent  repaira. 
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In  other  designs  the  verticals  and  batter-posts  are  made  t 
tinuous  through  two  consecutive  stories.  The  structuri 
somewhat  stiffer,  but  is  much  more  difficult  to  repair. 

Since  the  bents  of  any  trestle  are  usually  of  variable  he 
and  those  heights  are  not  always  an  even  multiple  of  the  unif 
height  desired  for  the  stories,  it  becomes  necessary  to  make 


Fia.  76. — Skblbton  oliBvation  of  Trbstlb. 

upper  stories  of  uniform  height  and  let  the  odd  amount  ^o  to 
lowest  story,  as  shown  in  Figs.  75  and  76. 

172.  Span.  The  shorter  the  span  the  greater  the  numbc 
trestle  bents;  the  longer  the  span  the  greater  the  required  strei 
•f  the  stringers  supporting  the  floor.  Economy  demands 
adoption  of  a  span  that  shall  make  the  sum  of  these  reqi 


Fia.  77. — Knee-braces  for  Lonq-spam  STBiNoxuts. 


ments  a  minimum.  The  higher  the  trestle  the  greater  the  \ 
of  each  bent,  and  the  greater  the  span  that  would  be  justifia 
Nearly  all  trestles  have  bents  of  variable  height,  but  the  adi 
tage  of  employing  imiform  standard  sizes  is  so  grea^  that  m 
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roads  use  the  same  span  and  sizes  of  timber  not  only  for  the 
panels  of  any  given  trestle,  but  also  for  all  trestles  regardless  of 
height.  The  spans  generally  used  vary  from  10  to  16  feet.  The 
Norfolk  and  Western  R.  R.  uses  a  span  of  12'  6"  for  all  single- 
story  trestles,  and  a  span  of  25'  for  all  multiple-story  trestles. 
The  stringers  are  the  same  in  both  cases,  but  when  the  span  is 
25  feet,  knee-braces  are  run  from  the  sill  of  the  first  story  below 
to  near  the  middle  of  each  set  of  stringers.  These  knee-braces 
are  connected  at  the  top  by  a  "straining-beam"  on  which  the 
stringers  rest,  thus  supporting  the  stringer  in  the  center  and  vir- 
tually reducing  the  span  about  one-half. 
173.  Fofindatioiis.     (a)  Piles.    Files  are  frequently  used  as  a 

foundation,  as  in  Fig.  78,  particularly  in  soft  ground,  and  aifo 

for  temporary  structures.    These 

foundations  are  cheap,  quickly 

constructed,  and  are  particularly 

valuable  when  it  is  financially 

necessary  to  open  the  road  for 

traffic  as  soon  as  possible  and  <;^4^^^P^^^^^^^ 
with  the  least  expenditure  of 
money;  but  there  is  the  disad- 
vantage of  inevitable  decay 
within  a  few  years  imless  the  piles  are  chemically  treated,  as  will 
be  discussed  later.  Chemical  treatment,  however,  increases  the 
cost  so  that  such  a  foundation  would  often  cost  more  than  a 
foundation  of  stone.  A  pile  should  be  driven  under  each  post 
as  shown  in  Fig.  78. 

(b)  Mudrsi}ls.      Fig.  79  illustrates  the  use  of  mud-sill^  as 

built  by  the  Louisville  an4 
Nashville  R.  R.  Eight  block^ 
12"X12"X6'  are  used  under 
each  bent.  When  the  groun4 
is  very  soft,  two  additional 
timbers  (12"  X 12"  X  length  of 
bent-sill),  as  shown  by  thQ 
dotted  lines,  are  pla^tjed  under- 
neath. The  number  require4 
evidently  depends  on  the  pA- 
ture  of  the  gnound. 

(c)  Stone  foundatio&8.    Stone  foundations  are  the  best  and 
Hifi  inqst  fixpenave.    For  very  high  trestles  the  Norfolk  and 
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Western  R.  R.  employs  foundations  as  shown  in  Fig.  80,  the 
walls  being  4  feet  thick.  When  the  height  of  the  trestle  is  72 
feet  or  less  (the  plans  requiring  for  72'  in  height  a  foundatioDb- 
wall  39^  C  long)  the  foundation  is  made  continuous.    The  afll 
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Fia.  80. — Masonky  Trestle  Foundation. 

of  the  trestle  should  rest  on  several  short  lengths  of  3"Xl2" 
plank  laid  transverse  to  the  sill  on  top  of  the  wall. 

174.  Longitudinal  bracing.  This  is  required  to  give  the 
structure  longitudinal  stiffness  and  also  to  reduce  the  colunmar 
length  of  the  posts.  This  bracing  generally  consists  of  hori- 
zontal "waling-strips"  and  diagonal  braces.  Sometimes  the 
braces  are  placed  wholly  on  the  outside  posts  unless  the  trestle 
is  very  high.  For  single-storj'  trestles  the  P.  R.  R.  emplq>'8 
the  "laced"  system,  i.e.,  a  line  of  posts  joining  the  cap  of  one 
bent  with  the  sill  of  the  next,  and  the  sill  of  that  bent  with  the 
cap  of  the  next.  Sonic  plans  employ  braces  forming  an  X  in 
alternate  panels.  Connecting  these  braces  in  the  center  more 
than  doubles  their  colunmar  strength.  Diagonal  braces,  when 
bolted  to  posts,  should  be  fastened  to  them  as  near  the  ends  of 
the  posts  as  possible.  The  sizes  employed  vary  largely,  depend- 
ing on  the  clear  length  and  on  whether  they  are  expected  to  act 
by  tension  or  compression.  3"X12"  planks  are  often  used 
when  the  design  would  require  tensile  strength  only,  and  8"X8" 
posts  are  often  used  when  compression  may  be  expected. 

175.  Lateral  bracing.  Several  of  the  more  recent  designs  of 
trestles  employ  diagonal  lateral  bracing  between  the  caps  of 
adjacent  bents.  It  adds  greatly  to  the  stiffness  of  the  trestle 
and  better  maintains  its  alignment.  6"X6''  posts,  forming 
an  X  and  connected  at  the  center,  will  answer  the  purpose. 

176.  Abutments.  When  suitable  stone  for  masonry  is  at 
hand  and  a  suitable  subsoil  for  a  foundation  is  obtainable  without 
too  much  excavation,  a  masonry  abutment  will  be  the  best 
Such  an  abutment  would  probably  be  used  when  masonry  fdot* 
ings  for  trestle  bents  v/ere  employed  (§  173,  c). 

Another  method  is  to  construct  a  "cnb"  of  10"X12"  timbcr« 
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Uid  homontally,  drift^iolted    together,  securely  braced  Eutd 
embedded  into  the  ground.    Except  for  temporary  ocnutniction 
Huch    B.   method   is    generally 
objectionable    on    account    of 
rapid  decay. 

Another  method,  used  most 
commonly  for  pile  trestlea,  and 

for  framed  trestles  having  pile  I 

foundations  (j  173,  o),  is  to  use 
a  pile  bent  at  Huch  a,  place  that 
tlie  natural  surface  on  the  up- 

,.,,.,.  .    -       .    ,         ,^         Fio-  81. — Abutment  Pilb  Bent. 

Aim  Side  13  not  far  below  the 

cap,  and  the  thrust  of  the  material,  filled  in  to  bring  the  surface 
to  grade,  is  insignificant.  3"Xl2"  planks  are  placed  behind 
the  piles,  cap,  and  stringers  to  retain  the  filled  material. 


177.  Stiingeri.  The  general  practice  is  to  use  two,  three, 
and  even  four  stringers  under  each  rail.  Sometimes  a  stringer 
is  placed  under  each  guard-rail.  Generally  the  stringers  are 
made  of  two  panel  lengths  and  laid  so  that  the  joints  alternate. 
A  few  roads  use  stringers  of  only  one  panel  length,  but  this  prac- 
tice is  strongly  condemned  by  many  engineers.  The  stringers 
shoidd  be  separated  to  allow  a  circulation  of  air  around  them 
and  prevent  the  decay  which  would  occur  if  they  were  placed 
close  together.  This  is  sometimes  done  by  means  of  2"  planks, 
6'  t«  8'  koig,  which  are  placed  over  each  trestle  bent.  Several 
-bolts,  passing  through  all  the  stringers  forming  a  group  and 
through  the  separators,  bind  them  all  into  one  solid  construc- 
tion. Cast-iron  "spools"  or  washers,  varying  from  4"  to  i" 
in  length  (or  thickness),  are  sometimes  strung  on  each  bolt  so 
as  to  separate  tho  stringers.  Sometimes  washers  are  used 
between  the  separating  planks  and  the  stringers,  the  object  of 
the  separating  planks  then  being  to  bind  the  stringers,  especially 
abutting  stringers,  and  increase  their  stifTness. 

The  most  common  size  for  stringers  is  8"XI6".  The  Penn- 
sylvania Hailroad  varies  the  width,  depth,  and  number  of 
stringers  under  each  rail  according  to  the  clear  span.  It  may 
be  noticed  that,  assuming  a  uniform  load  per  running  foot,  both 
e  per  square  inch  at  the  ends  of  the  stringers  (the 
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01^  having  a  width  of  12")  and  also  the  stress  due  to  trans- 
verse strain  arc  ko])t  approHmatdy  constant  for  the  variable 
gross  load  on  these  varying  spans. 


Span 

Y.  P.  stringers  under  each  rail. 

c.  to  c. 

of 
bents. 

For  H6b  and  E3d  engines 
'Max.  mom.  about  200,000 
ft.-llw.l. 

For  heavier  than  H6b  and 
K3d  engines. 

10  ft. 

12 

14 

2  pes.  10" XT/' 

3  '•     s"x.r/' 

3  "     10"Xi(/' 

2  pes.  IC'Xie" 

3  "     10"X16" 
Steol  stringers 

178.  Corbels.  A  corl)el  (in  trestle-work)  is  a  stick  of  timber 
(perhaps  two  placed  side  by  side),  about  3'  to  6'  long,  placed 
tindemeath  and  along  the  stringers  and  resting  oh  the  cap. 
There  arc  strong  prejudices  for  and  against  their  use,  and  H 
corresponding  diversity  in  practice.  They  are  bolted  to  the 
stringers  and  thus  stiffen  the  joint.  They  certainlj-  reduce  the 
objectionable  crushing  of  tlie  fibers  at  each  end  of  the  stringer, 
but  if  the  coH)el  is  no  wider  than  the  stringers,  as  is  generally 
the  case,  the  area  of  pressure  between  the  corbels  and  the  cap  it 


Fig.  82. — Corbel. 

no  greater  and  the  pressure  per  square  inch  on  the  cap  is  no  lest 
than  the  pressure  on  the  cap  if  no  corl)els  were  used.  If  thfli* 
corbels  and  cap  are  made  of  hard  wootl,  as  is  recommended  by 
some,  the  danger  of  crushing  is  lessened,  but  the  extra  cost  and 
the  frequent  scarcity  of  hard  wood,  and  also  the  extra  cost 'and 
labor  of  using  corbels,  may  often  neutralize  the  advanti^{M 
obtained  by  their  use. 

179.  Guard-rails.  The.-^  are  frequently  made  of  6"X8"  Btiiff, 
notched  1"  for  each  tie.  The  sizes  vary  up  to  8"X8",  and  thlt 
depth  of  notch  from  j"  to  IJ".  They  are  generally  bolted  to 
every  third  or  fourth  tie.  It  is  frequently  specified  that  they 
fshall  be  made  of  oak,  white  pine,  or  yellow  pine.  The  jmnis 
are  made  over  a  tie,  by  halving  each  piece,  as  illustrated  in  Pig. 
83.     The  joints  on  opposite  sides  of  the  trestle  should  be  "stag^ 
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gered."     Some  roads  fasten  every  tie  to  the  guard-rail,  tudng  a 
bolt,  a  spike,  or  a  lag-screw. 

Guard-rails  were  originally  used  ^vith  the  idea  of  preventing 
the  wheels  of  a  derailed  truck  from  running  off  the  ends  of  the 
ties.  But  it  has  been  found  that  an  outer  guard-rail  alone  (with- 
out an  inner  guard-rail)  becomes  an  actual  element  of  danger, 
since  it  has  frequently  happened  that  a  derailed  wheel  has  caught 
on  the  outer  guard-rail,  thus  causing  the  truck  to  slew  around 


Fia.  83. — Guard  Timber. 

and  so  produce  a  dangerous  accident.  The  true  function  of  tho 
outside  guard-raU  is  thus  changed  to  that  of  a  tie-spacer,  which 
keeps  the  ties  from  spreading  when  a  derailment  occurs.  The 
inside  guard-rail  generally  consists  of  an  ordinary  steel  rail 
spiked  about  10  inches  inside  of  the  running  rail.  These  inner 
guard-rails  should  be  bent  inward  to  a  point  in  the  center  of  th« 
track  about  50  feet  beyond  the  end  of  the  bridge  or  trestle.  If 
the  inner  guard-rails  are  placed  with  a  clear  space  of  10  inches 
inside  the  running  rail,  the  outer  guard-trails  should  be  at  least 
6'  W  apart.     They  are  generally  much  farther  apart  than  thi*. 

i8o.  Ties  on  trestles*  If  a  car  is  derailed  on  a  bridge  of 
trestle,  the  heavily  loaded  wheels  are  apt  to  force  their  way  be- 
tween the  ties  by  displacing  them  unless  the  ties  are  closely 
spaced  and  fastened.  The  clear  space  between  ties  is  g^ierally 
equal  to  or  kss  than  their  width.  Occasionally  it  is  a  little  more 
than  their  width.  6"X8"  ties,  spaced  14"  to  16"  from  center 
to  center,  are  most  frequently  used.  The  length  varies  from 
9'  to  12'  for  single  track.  They  are  generally  notched  J"  deep 
on  the  under  side  where  they  rest  on  the  stringers.  Oak  ties 
are  generally  required  even  when  cheaper  ties  are  used  on  the 
other  sections  of  the  road.  Usually  every  third  or  fourth  tie  is 
bolted  to  the  stringers.  When  stringers  are  placed  underneath 
the  guard-rails,  bolts  are  run  from  the  top  of  the  guard-rail  to 
the  under  side  of  the  stringer.  The  guard-rails  thus  hold  down 
the  whole  system  of  ties,  and  no  direct  fastening  of  the  ties  to 
the  stringers  is  needed. 

i8z.  Superelevation  of  the  outer  rail  on  curves.  The  location 
of  curves  on  trestles  should  be  avoided  if  possible^  especi^ly 
when  the  trestle  is  high.     Serious  additional  strains  are  intro- 
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duced  especially  when  the  curvature  j's  sharp  or  the  speed  high. 
Since  such  curves  are  sometimes  practically  unavoidable,  it  is 
necessary  to  design  the  trestle  accordingly.  If  a  trun  is  stopped 
on  a  curved  trestle,  the  action  of  the  train  on  the  trestle  is 
evidently  vertical.  If  the  train  is  moving  with  a  considerable 
velocity,  the  resultant  of  the  weight  and  the  centrifugal  action 
is  a  force  somewhat  inclined  from  the  vertical.  Both  of  these 
conditions  may  be  expected  to  exist  at  times.  If  the  axis  <tf 
the  system  of  posts  is  vertical  (as  illustrated  in  methods  a,  b,  e,  d, 
and  e),  any  lal^.ral  force,  such  as  would  be  produced  by  a  mov- 
ing train,  will  tend  to  rack  the  trestle  bent.  If  the  stringers  an 
set  vertically,  a  centrifugal  force  likewise  tends  to  tip  them 
mdewisc.  It  the  axis  of  the  system  of  posts  (or  of  the  stringers) 
is  inclined  so  as  to  coincide  with  the  pressure  of  the  train  on  the 
trestle  when  the  train  is  moving  at  ita  normal  velocity,  ther«  b 
no  tendency  to  rack  the  trestle  when  the  train  is  moving  at  that 
velocity,  but  there  will  be  a  tendency  to  rack  the  trestle  or 
twist  the  stringers  when  the  train  is  stationary.  Since  tf  moving 
train  is  usually  the  nomml  condition  of  affairs,  as  well  as  tho 
condition  which  produces  the  maximum  stress,  an  inclined  axis 
is  evidently  preferable  from  a  theoretical  standpoint;  but  what- 
ever dcsigi.  is  adopted,  the  trestle  should  evidently  be  suffi- 
ciently cross-braced  for  cither  a  moving  or  a  stationary  load, 
and  any  proposed  design  must  be  studied  as  to  the  efTect  of  both 
of  these  conditions.  Some  of  the  various  methods  of  securing 
the  requisite  superelevation  may  be  described  as  follows: 

(a)  Framing  the  outer  posts  longer  than  the  Inner  posts,  n 

that  the  cap  is  inclined  at  flu 
proper  angle;  axis  of  posts  rertl- 
cal.  (Fig.  84.)  The  method  n- 
quires  more  work  in  framing  tha 
trestle,  but  simplifies  subsequent 
track-laying  and  maintenance,  ui^ 
less  it  should  be  found  that  tho 
superelevation  adopted  is  unsui^ 
able,  in  which  case  it  could  be  coi^ 
reeled  by  one  of  the  other  methods 
given  below.  The  stringers  tend 
to  twist  when  the  train  is  Btl^ 
tiraiary. 

(b)  notching  the  cap  to  that  the  stringers  are  at  a  d 
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eleratioii.  (Fig.  85.)  This  weakens  the  cap  and  requires  that 
all  ties  shall  be  notched  to  a 
bevelled  surface  to  fit  the  string- 
era,  which  also  weakens  the  ties. 
A  centrifugal  force  will  tend  to 
twist  the  stringers  and  rack  the 
trestle. 

(c)  PUcing  wedges  underneath 
the  tiei  Rt  each  stringer.  These 
wedges  are  fastened  with  two 
bolts.  Two  or  more  wedges  will 
be  required  for  each  tie.  The  ad- 
ditional number  of  pieces  required 
for  a  long  curve  will  be  inunenae,  and  the  work  of  inspection  and 
keeping  the  nuts  tight  will  greatly  increase  the  cost  of  main- 
tenance. 

(d)  Placing  a  vedge  under  the  outer  raJl  at  each  tie.  This 
requires  but  one  extra  piece  per  tie.  There  is  no  ne«d  of  a 
wedge  under  the  inner  tie  in  order  to  make  he  rail  normal  to 
the  tread.  The  resulting  inward  inclination  is  substantially  that 
produced  by  some  forma  of  rail-chairs  or  tie-plates.  The  spikes 
(a  little  longer  than  usual)  are  driven  through  the  wedge  into 
the  tie.  Sometimes  "lag-screws"  are  used  instead  of  spikes. 
If  experience  proves  that  the  superelevation  is  too  much  or  too 
little,  it  may  be  changed  by  this  method  with  less  work  than 
by  any  other, 

(e)  Corbels  of  different  heights.    When  corbels  are  used  (see 

i  178)  the  required  in- 
cUnation  of  the  floor  ays. 
tem  may  be  obtained  by 
varying  the  depth  of  the 
corbels. 

(f)  Tipping  the  whole 
trestle.  This  is  done  by 
placing  the  trestle  on  an 
inclined  foundation.  If 
very  much  inclined,  the 
trestle  bent  must  be  se- 
cured against  the  possi- 
f^o-  88.  bility  of  slipping  sidewiae, 

for  die  slope  would  be  considerable  with  a  sharp  curve,  and  the 
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vibration  of  a  moving  train  would  reduce  the  coeffldent  ol 
friction  to  a  comparatively  small  quantity. 

(g)  Framing  the  outer  posts  longer.  This  case  is  identical 
with  case  (a)  except  that  the  axis  of  the  system  of  posts  is 
inclined,  as  in  case  (f),  but  the  sill  is  horizontal. 

The  above-described  plans  will  suggest  a  great  variety  ot 
methods  which  are  possible  and  which  differ  from  the  above 
only  in  minor  details. 

■  i8j.  Protection  from  fire.  Trestles  are  peculiarly  subjiect  to 
fire,  from  passing  locomotives,  which  may  not  only  destroy  the 
trestle,  but  perhaps  cause  a  terrible  disaster.  This  danger  is 
sometimes  reduced  by  placing  a  strip  of  galvanized  iron  along 
the  top  of  each  set  of  stringers  and  also  along  the  tops  of  tlie 
caps.  Still  greater  protection  was  given  on  a  long  trestle  on  the 
Louisville  and  Nashville  R.  R.  by  making  a  solid  flooring  of 
timber,  covered  with  a  layer  of  ballast  on  which  the  ties  and 
rails  were  laid  as  usual. 

Barrels  of  water  should  be  pro-vnded  and  kept  near  all  trestles, 
and  on  very  long  trestles  barrels  of  water  should  be  placed  every 
two  or  three  hundred  feet  along  its  length.  A  place  for  the  t>ar- 
rels  may  be  provided  by  using  a  few  ties  which  have  an  extra 
length  of  about  four  feet,  thus  forming  a  small  platform,  which 
ihbuld  be  surrounded  by  a  railing.  The  track-walker  should  be 
held  accountable  for  the  maintenance  of  a  supply  of  water  in 
these  barrels,  renewals  being  frequently  necessary  on  account  d 
evaporation.  Such  platforms  should  also  be  provided  as  refugb« 
BAYS  for  track-walkers  and  trackmen  working  on  the  trestle.  On 
very  long  trestles  such  a  platform  is  sometimes  provided  with 
sufficient  capacity  for  a  hand-car. 

183.  Timber.  Any  strong  durable  timber  may  be  used  when 
the  choice  is  limited,  but  oak,  pine,  or  C}T)ress  are  preferred 
when  obtainable.  When  all  of  these  are  readily  obtainable, 
the  various  parts  of  the  trestle  will  be  constructed  of  different 
kinds  of  wood — the  stringers  of  long-loaf  pine,  the  posts  and 
braces  of  pine  or  red  cj'press,  and  the  caps,  sills,  and  corbels  (if 
used)  of  white  oak.  The  use  of  oak  (or  a  similar  hard  wood) 
for  caps,  sills,  and  corbels  is  desirable  because  of  its  greater 
strength  in  resisting  cnishing  across  the  grain,  which  iStihft 
critical  test  for  these  parts.  There  is  no  physiological  basis  to 
the  objection,  sometimes  made,  that  different  species  of  timber, 
in  contact  with  each  other,  wiYL  rot  quicker  than  if  only 
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ing  approximate  percentages  of  standard  stringer  siae,  of 
12 X  12-inch  stuff,  10 X  10-inch  stuff,  etc.,  and  a  liberal  propor- 
tion of  3-  or  4-inch  plank,  all  lengths  thrown  in.  The  12  X  12- 
inch  stuff,  etc.,  is  ordered  all  lengths,  from  a  certain  specified 
length  up.  In  case  of  a  wreck,  washout,  bum-out,  or  sudden 
call  for  a  trestle  to  be  completed  in  a  stated  time,  it  is  much 
more  economical  and  practical  to  order  a  certain  number  of 
carloads  of  '  trestle  stuff'  to  the  ground  and  there  to  select  piece 
after  piece  as  fast  as  needed,  dependent  only  upon  the  length  of 
stick  required.  WTien  there  is  time  to  make  the  necessary  sur- 
veys of  the  ground  and  calculations  of  strength,  and  to  wait  for  a 
special  bill  of  timber  to  be  cut  and  delivered,  the  use  of  diffor- 
ent  sizes  for  posts  in  a  structure  would  be  warranted  to  a  certfun 
extent."  *  For  new  construction,  when  there  is  generally 
sufficient  time  to  design  and  order  the  proper  sizes,  such  waste- 
fulness is  less  excusable,  and  under  any  conditions  it  is  both 
safer  and  more  economical  to  prepare  standard  designs  which 
can  be  made  applicable  to  varying  conditions  and  which  will  at 
the  same  time  utilize  as  much  of  the  strength  of  the  timber  as 
can  be  depended  on.  In  the  following  sections  will  be  given 
the  elements  of  the  preparation  of  such  standard  designs,  which 
will  utilize  unifonn  sizes  with  as  little  waste  of  timber  as  possible. 
It  is  710^  to  be  understood  that  special  designs  should  be  made 
for  each  individual  trestle. 

i86.  Required  elements  of  strength.  The  stringers  of  trestleB 
are  subject  to  transverse  strains,  to  crushing  across  the  grain 
at  the  ends,  and  to  shearing  along  the  neutral  axis.  The  strength 
of  the  timber  must  therefore  be  computed  for  all  these  kinds 
of  stress.  Caps  and  sills  \yi\l  fail,  if  at  all,  by  crushing  across 
the  grain ;  although  subject  to  other  forms  of  stress,  these  could 
hardly  cause  failure  in  the  sizes  usually  employed.  There  is  an 
apparent  exception  to  this:  if  piles  are  improperly  driven  and 
an  uneven  settlement  subsequently  occurs,  it  may  have  the 
effect  of  transferring  practically  all  of  the  weight  to  two  or  three 
piles,  while  the  cap  is  subjected  to  a  severe  transverse  strain 
which  may  cause  its  failure.  Since  such  action  is  caused  gener-' 
ally  by  avoidable  errors  of  construction  it  may  be  considered  as 
abnormal,  and  since  such  a  failure  will  generally  occur  by  a 
gradual  settlement,  all  danger  may  be  avoided  by  reaacmabla 

*  From  "  Economical  Designing  of  Timber  Trestle  Bridgee." 
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care  in  inspection.  Posts  must  be  tested  for  their  columnar 
strength.  These  parts  form  the  bulk  of  the  trestle  and  are  the 
parts  which  can  be  definitely  designed  from  known  stresses. 
The  stresses  in  the  bracing  are  more  indefinite,  depending  on 
indeterminate  forces,  since  the  inclined  posts  take  up  an  \m- 
known  proportion  of  the  lateral  stresses,  and  the  design  of  the 
bracing  may  be  left  to  what  experience  has  shown  to  be  safe, 
without  involving  any  large  waste  of  timber. 

187.  Strength  of  timber.  Until  recently  tests  of  the  strength 
of  timber  have  generally  been  made  by  testing  small,  selected, 
wellHseasoned  sticks  of  "  clear  stuff,"  free  from  knots  or  imper- 
fections. Such  tests  would  give  results  so  much  higher  than 
the  vaguely  known  strength  of  large  unseasoned  "commercial" 
timber  that  very  large  factors  of  safety  were  reconunended — 
factors  so  large  as  to  detract  from  any  confidence  in  the  whole 
theoretical  design.  Recently  the  U.  S.  Government  has  been 
making  a  thoroughly  scientific  test  of  the  strength  of  full-size 
timber  under  various  conditions  as  to  seasoning,  etc.  The  work 
has  been  so  extensive  and  thorough  as  to  render  possible  the 
economical  designing  of  timber  structures. 

One  important  result  of  the  investigation  is  the  determina- 
tion of  the  great  influence  of  the  moisture  in  the  timber  and 
the  law  of  its  effect  on  the  strength.  It  has  been  also  shown 
that  timber  soaked  with  water  has  substantially  the  same 
strength  as  green  timber,  even  though  the  timber  had  once  been 
thoroughly  seasoned.  Since  trestles  are  exposed  to  the  weather 
they  should  be  designed  on  the  basis  of  using  green  timber. 
It  has  been  shown  that  the  strength  of  green  timber  is  very 
regularly  about  55  to  60%  of  the  strength  of  timber  in  which 
the  moisture  is  12%  of  the  dry  weight,  12%  being  the  proportion 
of  moisture  usually  found  in  timber  that  is  protected  from  the 
weather  but  not  heated,  as,  e.g.,  the  timber  in  a  barn.  Since 
the  moduli  of  rupture  have  all  been  reduced  to  this  standard  of 
moisture  (12%),  if  we  take  one-eighth  of  the  rupture  values,  it 
still  allows  a  factor  of  safety  of  about  five,  even  on  green  timber. 
In  TaWe  XX  there  are  quoted  the  values  taken  from  the  U.  S. 
Gov^nmeht  reports  on  the  strength  of  timber,  the  tests  prob- 
ably being  the  most  thorough  and  reliable  that  were  ever  made. 

In  Table  XXI  are  given  the  ''  working  unit  stresses  for  struc- 
tural timber,  expressed  in  pounds  per  square  inch,"  as  recom- 
mended by  the  committee  on  ''  Wooden  Bridges  and  Trestles," 
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of  the  American  Railway  £Df(io^">>K  Ansoctatioii.  Tbe  report 
was  prcseDted  at  their  tenth  aoaiml  convention,  held  in  Chicago, 
in  March,  IflOlt. 


XX.    HODULl     or     RUPTURE     rOR     VARIOUS 

[12%  moiHturc.l 
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This  dead  load  is  almost  insignificant  compared  with  the  live 
load  and  may  be  .included  ^nth  it.  The  >\'eight  of  rails,  tiee, 
etc.,  may  be  estimated  at  240  poimds  pier  foot.  To  obtain  the 
TS'eight  on  the  caps  the  weight  of  the  stringers  must  be  added, 
which  depends  on  the  design  and  on  the  weight  per  cubic  foot 
of  the  wood  employed.  But  as  the  weight  of  the  stringeni  is 
comi>aratively  small,  a  considerable  percentage  of  variation  in 
weight  will  have  but  an  insignificant  effect  on  the  result.  Dis- 
rejgarding  all  refinements  as  to  actual  dtrfiensions,  the  ordinary- 
maximum  loading  for  standard-gauge  railroads  may  be  taken 
as  that  due  to  four  driving-axles,  spaced  5'  0"  apart  and  givin||[. 
a  pressure  of  40000  pounds  per  axle.  This  should  be  increased 
to  54000  pounds  per  axle  (same  spacing)  for  the  heaviest  traffic. 
On  the  basis  of  40000  pounds  per  axle  or  20000  poimds  per  wheel 
the  following  results  have  been  computed:  This  loading  is 
assumed  to  allow  for  impact. 

STRESSES  ON  VARIOUS  SPANS  DUB  TO  MOVING  LOADS  Olf  20000 
POUNDS,  SPACED  5'  0"  APART,  WITH  120  POUNDS  PKB  FOOT 
OF  DEAD   LOAD. 


Span  in  feet. 

Max.  moment, 
ft.  lbs. 

Max  shear. 

Max.  load  on 

one  cup  under 

one  rail. 

10 
12 
14 
16 
18 

51  500 

82  160 

112  940 

123  840 

164  860 

30  m) 

35  720 
39  410 
43  460 
47  747 

41  200 
49  440 
67  080 
65  920 
75  160 

Although  the  dead  load  does  not  vary  in  proportion  to  the 
live  load,  yet,  considering  the  very  small  influence  of  the  dnad 
losid,  there  will  be  no  appreciable  error  in  assuming  the  corre- 
si)onding  values,  for  a  load  of  54000  lbs.  per  axle,  to  be  j  ^  of 
those  given  in  the  above  tabulation. 

189.  Factors  of  safety.  The  most  valuable  result  of  the  gov- 
ernment tests  is  the  knowledge  that  under  given  moisture  condn 
tions  the  strength  of  various  species  of  sound  timber  is  not  the 
variable  uncertain  quantity  it  was  once  supposed  to  be,  but  that 
its  strength  can  be  relied  on  to  a  comparatively  close  percentage. 
This  confidence  in  values  permits  the  employment  of  lower  fac- 
tors of  safety  than  have  heretofore  been  permissible.  Stresses, 
which  when  excessive  would  result  in  immediate  destruction, 
such  as  cross-breaking  and  columnar  stresses,  should  be  allowed 
a  higher  factor  of  safety — say  6  or  8  for  green  timber.  Other 
stresses,  such  as  crushing  across  the  grain  and  shearing  along  the 
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neutral  axis,  whioh  will  be  apparent  to  inspection  before  it  is 
dangerous,  may  be  allowed  lower  factors — say  3  to  6. 

190.  Design  of  stringers.  The  strength  of  rectangular  beams 
of  equal  width  varies  as  the  square  of  the  depth;  therefore  deep 
beams  are  the  strongest.  On  the  other  hand,  when  any  cross- 
sectional  dimension  of  timber  much  exceeds  12"  the  cost  is 
much  higher  per  M,  B.  M.,  and  it  is  correspondingly  difficult  to 
obtain  thoroughly  soimd  sticks,  free  from  wind-shakes,  etc. 
Wind-shakes  especially  affect  the  shearing  strength.  Also,  if 
the  required  transverse  strength  is  obtained  by  using  high  nar- 
row stringers,  the  area  of  pressure  between  the  stringers  and  the 
cap  may  become  so  small  as  to  induce  crushing  across  the  grain. 
This  is  a  very  conunon  defect  in  trestle  design.  As  already  in- 
dicated in  §  172,  the  span  should  vary  roughly  with  the  average 
height  of  the  trestle,  the  longer  spans  being  employed  when  the 
trestle  bents  are  very  high,  although  it  is  usual  to  employ  the 
7ame  span  throughout  any  one  trestle. 

To  illustrate,  if  we  select  a  span  of  14  feet,  the  load  on  one 
cap  will  be  57680  lbs.  If  the  stringers  and  cap  are  made  of 
long-leaf  yellow  pine,  the  allowable  value,  according  to  Table 
XXI,  for  "  compression  across  the  grain  "  is  260  pounds  per 
square  inch;  this  will  require  222  square  inches  of  surface. 
If  the  cap  is  12"  wide,  this  will  require  a  width  of  18.5  inches, 
or  say  2  stringers  under  each  rail,  each  9  inches  wide.  For 
rectangular  beams. 

Moment  sii2'6^>. 

Using  for  Rf  the  safe  value  1300  lbs.  per  square  inch,  we  have 

112940  X 12  =  i  X 1300  X 18  XA«, 

from  which  A="18".7.  If  desired,  the  width  may  be  increased 
to  10"  and  the  depth  correspondingly  reduced,  which  will  give 
similarly  A*  17".7  or  say  18".  This  shows  that  two  beams, 
10"X1S",  under  each  rail  will  stand  the  transverse  bending  and 
have  more  than  enough  area  for  crushing. 
The  shear  per  square  inch  will  equal 

3  total  shear      3       39410         ,^^  „  .    , 

2  cross-section  =2  2X10X18  =^^  ^^'-  P^'  «^-  "'^^• 

This  is  higher  than  the  recommended  working  value.  The  com- 
bination suggested  in  S  177,  vis.,  3  beams  10"  XI 6"  for  14  feet 
span,  gives  a  far  safer  value.    Considering  tb^^t  wooden  beams, 


224  RAILROAD   CONSTRUCTION.  |  191. 

tested  to  destruetibti,  Usually  fail  by  sheaHiigy  the  three-beam 
combination  is  safer. 

The  deflection  should  be  computed  to  see  If  it  exceeds  the 
somewhat  arbitrary  standard  of  ^^  of  the  Sftan.  The  defleo- 
tioh  for  uniform  loading  is 

32bh^'E' 


in  which  2=len^h  in  inches; 

Tr= total  load,  assumed  as  uniform =57680; 
i^= modulus  of  elasticity,  given  as  1610000  lbs. 

per  sq.  in.  for  long-leaf  pine,  according  to  Table  XXI.    Then 

_JX576800<168^  . 

32X30XWX 1610000 

^X168"=0".84, 

io  that  the  calculated  deflection  is  well  within  the  limit.  Of 
course  the  loading  is  not  strictly  Uniform,  but  even  with  a  lib- 
5ral  allowance  the  deflection  is  still  safe. 

For  the  heaviest  practice  (65000  lbs.  per  axle)  these  striiigfer 
dimensions  must  be  correspondingly  increased. 

191  •  Design  of  posts.  Four  posts  are  generally  used  for 
single-track  work.  The  inner  posts  are  usually  braced  by  the 
cross-braces,  so  that  their  columnar  strength  is  largely  increased; 
but  as  they  are  apt  to  get  more  than  their  share  of  Wotk,  the  ad- 
vantage is  compensated  and  they  should  be  treated  as  unsup- 
ported columns  for  the  total  distance  between  cap  And  sill  in 
simple  l)cnts,  or  for  the  height  of  stories  in  multipleHstory  ooil- 
struction.  The  caps  and  sills  are  assumed  to  have  a  width  of  12". 
It  facilitates  the  application  of  bracing  to  have  the  coltimiiS  of 
the  same  width  and  vary  the  other  dimension  as  required, 

Unfortunately  the  experimental  work  of  the  U.  S.  Govern- 
ment on  timber  testing  has  not  yet  progressed  far  enough  to 
establish  un(]ucstionably  a  general  relation  between  the  stn^ngti 
of  long  colunuis  and  the  crushing  st:^ngth  of  short  blocks.     Tha 
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fbUowing  formula  has  been  suggested,  but  it  cannot  be  cdnsid^ 
ered  as  established: 

/     wp..     700  + 15c         ,       , .  , 

/» allowable  working  stress  per  sq.  in  for  long  columns; 
F«       "  '*  "      '*    '*    *'    "   short  blocks; 

I 

^  -— • 

""    d' 

i=  length  of  column  in  inches; 

d=  least  cross-sectional  dimensions  in  inches. 

The  formula  recommended  by  the  A.  R.  E.  A.  is  found  in 
Table  XXI.  For  all  columns  of  which  the  length  is  less  than  15 
times  the  least  diameter,  a  uniform  unit  stress  is  recommended. 
For  longer  colmnns,  a  unit  stress  is  multiplied  by  the  factor 
(1— Z-^60d),  which  is  always  less  than  unity.  For  the  above 
case,  Z=240  and  d  =  12,  and  the  factor  =  .667,  which,  multiplied 
by  1300,  gives  a  rniit  stress  of  867  lbs.  per  square  inch  for  a  long- 
leaf  yellow  pine  column  of  those  dimensions. 

867  X 144  =  124848  lbs.,  the  xcorking  load  for  each  post.  This  is 
more  than  the  total  load  on  one  trestle  bent  and  illustrates  the 
usual  great  waste  of  timber.  Making  the  post  8"X12"  and 
calculating  similarly,  we  have/ =650,  and  the  working  load  per 
c(^umn  is  650X95=62400  lbs.  As  considerable  must  be 
allowed  for  "weathering,"  which  destroys  the  strength  of  the 
outer  layers  of  the  wood,  and  also  for  the  dynamic  effect  of 
the  live  load,  8"X12"  may  not  be  too  great,  l)ut  it  is  certainly 
a  safe  dimension,  considered  as  a  column.  One  method  of 
allowing  for  weathering  is  to  disregard  the  outer  half-inch  on 
all  sides  of  the  post,  i.e.,  to  calculate  the  strength  of  a  post  one 
inch  smaller  in  each  dimension  than  the  post  actually  employed. 
On  this  basis  an  8"  X 12"  X20'  post,  computed  as  a  7"  X 1 1"  post, 
would  have  a  safe  columnar  strength  of  556  lbs.  per  square  inch. 
With  an  area  of  77  square  inches,  this  gives  a  working  load  of 
42812  lbs.  for  each  pasty  or  171248  lbs.  for  the  four  posts.  Con- 
sidering that  115360  lbs.  is  the  maximum  load  on  one  cap  (14  feet 
span),  the  great  excess  of  strength  is  apparent. 

193.  Design  of  caps  and  sills.  The  stresses  in  caps  and  sills 
are  very  indefinite,  except  as  to  crushing  across  the  grain.    As 
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the  stringers  are  placed  almost  directly  over  the  inner  posts,  i 
as  the  sills  are  supported  just  under  the  posts,  the  transvc 
stresses  are  almost  insignificant.  In  the  above  case  four  pc 
have  an  area  of  4  X 12"  X8" = 384  sq.  in.  The  total  load  115 
lbs.  will  then  give  a  pressure  of  300  poimds  per  square  in 
which  is  more  than  the  allowable  limit.  This  one  feature  i 
require  the  use  of  12"X12"  (or  at  least  10"X12")  poets  rat 
than  8"X12"  posts,  for  the  smaller  posts,  although  proba 
strong  enough  as  posts,  would  produce  an  objectionably  h 
pressure. 

k  193.  Bracing.  Although  some  idea  of  the  stresses  in 
bracing  could  be  found  from  certain  assumptions  as  to  wi 
pressure,  etc.,  yet  it  would  probably  not  be  found  wise  to 
crease,  for  the  sake  of  economy,  the  dimensions  which  pnuci 
has  shown  to  be  sufficient  for  the  work.  The  economy  t: 
would  be  possible  would  be  too  insignificant  to  justify  any  ri 
Therefore  the  usual  dimensions,  given  in  §§  174  and  175,  she 
be  employed. 


^ 


CHAPTER  V. 

TUNNELS. 


SURVEYING. 

194.  Surface  surveys.  As  tunnels  are  always  dug  from  each 
end  and  frequently  from  one  or  more  intermediate  shafts,  it  is 
necessary  that  an  accurate  surface  survey  should  be  made' 
between  the  two  ends.  As  the  natural  surface  in  a  locality 
where  a  tunnel  is  necessary  is  almost  invariably  very  steep  and 
rough,  it  requires  the  employment  of  unusually  refined  methods 
of  work  to  avoid  inaccuracies.  It  is  usual  to  run  a  line  on  the 
surface  that  will  be  at  every  point  vertically  over  the  center  line 
of  the  tunncil.  Tunnels  are  generally  made  straight  unless 
curves  are  al)solutely  necessary,  as  curves  add  greatly  to  the 
cost.    Fig.  87  represents  roughly  a  longitudinal  section  of  the 
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Fzo.  87. — Sketch  of  Seotion  of  thp  Hoosac  Tunmbl. 

.    r 

.J       '    . 

Boosac  Timnel.  Permanent  stations  were  located  at  ^ ,  ^,  C, 
D,  E,  and  jF*,  and  stone  houses  were  built  at  ^,  J5,  C,  and  D. 
rhese  were  located  with  ordinary  field  transits  at  first,  and  then 
ill  the  points  were  placed  as  nearly  as  possible  in  one  vertical 
plane  by  repeated  trials  and  minute  corrections,  using  a  very 
aige  specially  constructed  transit.  The  stations  Z)  and  F  were 
lecessary  because  E  and  A  were  invisible  from  C  and  B.  The 
Edinement  at  A  and  E  having  been  determined  with  great  accu- 
racy, the  true  alinement  was  easily  carried  into  the  tunnel. 

227 
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The  relative  elevations  of  A  and  E  were  determined 
great  accuracy.  Steep  slopes  render  necessary  many  se 
of  the  level  per  unit  of  horizontal  distance  and  require  th 
work  be  unusually  accurate  to  obtain  even  fair  accurac 
unit  of  distance.  The  levels  are  usually  re -run.  many 
until  the  probable  error  is  a  very  small  quantity 

The  exact  horizontal  distance  between  the  two  ends  • 
tunnel  must  also  be  kno\Mi,  especially  if  the  tunnel  is 
grade.  The  usual  steep  slopes  and  rough  topography  111 
lender  accurate  horizontal  measurements  very  difficult, 
quently  when  the  slope  is  steep  the  measurement  is  be 
tained  by  measuring  along  the  slope  and  allowing  for 
This  may  be  very  accurately  done  by  employing  two  t 
(level  or  transit  tripods  serve  the  purpose  very  well),  c 
them  up  blightly  less  than  one  tape-length  apart  and  mea 
between  horizontal  needles  set  in  wooden  blocks  inserted 
top  of  each  tripod.  The  elevation  of  each  needle  is  also  obs 
The  true  horizontal  distance  between  two  successive  po 
of  the  needles  then  equals  tbc  square  root  of  the  differo 
the  squares  of  the  inclined  dist^mee  and  the  differenoe  of 
tion.  Such  measurements  will  probably  be  more  accurat* 
those  made  by  attempting  to  hold  the  tape  horizontf 
plumbing  down  with  plumb-bobs,  because  (1)  it  is  prac 
difficult  to  hold  both  ends  of  the  tape  truly  horizontal; 
steep  slopes  it  is  impossible  to  hold  the  down-hill  end  of " 
foot  tape  (or  even  a  25-foot  length)  on  a  level  with  the 
end,  and  the  great  increase  in  the  number  of  applications 
unit  of  measurement  very  greatly  increases  the  pcobabk 
of  the  whole  measurement;  (3)  the  vibrations  of  a  plun 
introduce  a  large  probability  of  error  in  transferring  thfe 
urement  from  the  elevated  end  of  the  tape  to  the  grount 
the  increased  number  of  such  applications  of  the  unit  of 
urement  still  further  increases  the  probable  error. 

195.  Surveying  down  a  shaft.  If  a  shaft  is  sunk,  as 
Fig.  87,  and  it  is  desired  to  dig  out  the  tunnel  in  both  dire 
from  the  foot  of  the  shaft  so  as  to  meet  the  headings  fro 
outside,  it  is  necessary  to  know,  when  at  the  bottom  \ 
shaft,  the  elevation,  alinemeut,  and  horizontal  distance 
each  end  of  the  tunnel. 

The  elevation  is  generally  carried  down  a  shaft  by  me 

a  steel  Upe.    This  method  involves  the  least  number  of 
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IS  of  the  unit  of  measurement  and  greatly  increases  the 
acy  of  the  final  result. 

3  horizontal  distance  from  each  end  may  be  easily  trans- 
I  down  the  shaft  by  means  of  a  plumb -bob,  using  some  of 
recautions  described  in  the  nt^xt  paragraph. 

transfer  the  alinement  from  the  surface  to  the  bottom  of 
it  requires  the  highest  skill  because  the  shaft  is  always 
,  and  to  produce  a  line  perhaps  several  thousand  feet  long 
direction  given  by  two  points  6  or  8  feet  apart  requires 
the  two  points  must  be  determined  with  extreme  accuracy, 
eminently  successful  method  adopted  in  the  Hoosac  Tunnel 
)e  briefly  described:  Two  beams  w^ere  securely  fastened 
3  the  top  of  the  shaft  (1030  feet  deep),  the  beams  being 
i  transversely  to  the  direction  of  the  tunnel  and  as  fak- 

as  possible  and  yet  allow  plumb-lines,  hung  from  the 
lection  of  each  beam  with  the  tunnel  center  line,  to  swing 
'  at  the  bottom  of  the  shaft.  These  intersections  of  the 
8  with  the  center  line  were  determined  by  averaging  the 
fi  of  a  large  number  of  careful  observations  for  alinement. 
fine  parallel  wires,  spaced  about  -j^"  apart,  were  then 
bed  between  the  beams  so  that  the  center  line  of  the 
I  bisected  at  all  points  the  space  between  the  wires, 
b-bobs,  weighing  15  pounds,  were  suspended  by  fine  wires 
3  each  cross-beam,  the  wires  passing  between  the  two 
lei  alinement  wires  and  bisecting  the  space.  The  plumb- 
were  allowed  to  swing  in  pails  of  water  at  the  bottom, 
s  of  air  up  the  shaft  required  the  construction  of  boxes 
imding  the  wires.  Even  these  precautions  did  not  suffice 
>8olutely  prevent  vibration  of  the  wire  at  the  bottom 
gh  a  very  small  arc.  The  mean  point  of  these  vibrations 
eh  case  was  then  located  on  a  rigid  cross-beam  suitably 
1  at  the  bottom  of  the  shaft  and  at  about  the  level  of  the 
of  the  tunnel.  Short  plumb-lines  were  then  suspended 
these  points  whenever  desired ;  a  transit  was  set  (by  trial) 
\t  its  line  of  collimation  passed  through  both  plumb-lines 
he  line  at  the  bottom  could  thus  be  prolonged. 
ne  recent  experience  in  the  "Tamarack"  shaft,  4250  feet 
shows  that  the  accuracy  of  the  results  may  be  affected  by 
rrents  to  an  unsuspected  extent.  Two  50-lb.  cast-iron 
>-4K>b8  were  suspended  Avith  No.  24  piano-wire  in  this 
The   carefully  measured   distances   between   the  wires 
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at  top  and  bottom  were  16.32  and  16.43  feet  respe< 
After  considerable  experimenting  to  determine  the  c« 
the  variation,  it  was  finally  concluded  that  air-curreni 
alone  responsible.  The  variation  of  the  bobs  from  a  tr 
tical  plane  passing  through  the  wires  at  the  top  was  of 
an  unknown  quantity,  but  since  the  variation  in  one  di 
amounted  to  0.11  foot,  the  accuracy  in  other  directio: 
very  questionable.  This  shows  that  a  careful  comp 
measurement  between  the  wires  at  top  and  bottom 
always  be  made  as  a  test  of  their  parallelism. 

196.  Undergrotmd  surveys.  Survey  marks  are  freq 
placed  on  the  timbering,  but  they  are  apt  to  prove  uni 
on  account  of  the  shifting  of  the  timbering  due  to  sett 
of  the  surrounding  material.  They  should  never  be  pis 
the  bottom  of  the  tunnel  on  account  of  the  danger  of 
disturbed  or  covered  up.  Frequently  holes  are  dnlleid 
roof  and  filled  with  wooden  plugs  in  which  a  hook  is  81 
exactly  on  line  Although  this  is  probably  the  safest  ir 
even  these  plugs  are  not  always  undisturbed,  as  the  nu 
unless  very  hard,  will  often  settle  slightly  as  the  exoa 
proceeds.  When  a  tunnel  is  perfectly  straight  and  not  to 
alinement-points  may  be  given  as  frequently  as  desiiec 

permanent  stations  located 
the  tunnel  where  they  are  nol 
to  disturbance.  This  has  be 
complished  by  running  the 
ment  through  the  upper  part 
cross-section,  at  one  side  of.tl 
ter,  where  it  is  out  of  the  1 
the  piles  of  masonry  mi 
d^ris,  etc.,  which  are  so  i 
choke  up  the  lower  part  < 
cross-section.  The  positicm  '< 
line  relative  to  the  cross-i 
being  fixed,  the  alignment  i 
required  point  of  the  croas-i 
is  readily  found  by  means  of . 
frame  or  template  with  a  fin 
get  located  where  this  line  would  intersect  the  frame 
properly  placed.  A  level-bubble  on  the  frame  will  aa 
setting  the  f rr.me  in  its  proper  position. 
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In  aU  tunnel  surveying  the  cross-wires  must  be  illuminated 
by  a  lantern,  and  the  object  sighted  at  must  also  be  illuminated. 
A  powerful  dark-lantem  with  the  opening  covered  with  ground 
glass  has  been  found  useful.  This  may  be  used  to  illuminate  a 
plumb-bob  string  or  a  very  fine  rod,  or  to  place  behind  a  brass 
plate  having  a  narrow  slit  in  it,  the  axis  of  the  slit  and  plate 
being  coincident  with  the  plumb-bob  string  by  which  it  is 
hung. 

On  account  of  the  interference  to  the  surveying  caused  by 
the.  work  of  construction  and  also  by  the  smoke  and  dust  in  the 
air  resulting  from  the  blasting,  it  is  generally  necessary  to  make 
the  Bunreys  at  times  when  construction  is  temporarily  suspended. 

197.  Accuracy  of  tunnel  surveying.  Apart  from  the  very 
natural  desire  to  do  surveying  which  shall  check  well,  there  is 
an  important  financial  side  to  accurate  tunnel  surv^eying.  If 
the  survey  lines  do  not  meet  as  desired  when  the  headings  come 
together,  it  may  be  found  necessary,  if  the  error  is  of  appreciable 
size,  to  introduce  a  slight  curve,  perhaps  even  a  reversed  curve, 
into  the  alinement,  and  it  is  even  conceivable  that  the  tunnel 
section  would  need  to  be  enlarged  somewhat  to  allow  for  these 
curves.  The  cost  of  these  changes  and  the  perpetual  annoyance 
due  to  an  enforced  and  undesirable  alteration  of  the  original 
design  will  justify  a  considerable  increase  in  the  expenses  of  the 
survey.  Considering  that  the  cost  of  surveys  is  usually  but  a 
small  fraction  of  the  total  cost  of  the  work,  an  increase  of  10  or 
even  20%  in  the  cost  of  the  surveys  will  mean  an  insignificant 
addition  to  the  total  cost  and  frequent'/,  if  not  generally,  it  will 
result  in  a  saving  of  many  times  the  increased  cost.  The 
accuracy  actually  attained  in  two  noted  American  timnels  is 
given  as  follows:  The  Musconetcong  tunnel  is  about  5000  feet 
long,  bored  through  a  mountain  400  feet  high.  The  error  of 
alinement  at  the  meeting  of  the  headings  was  0'.04,  error  of 
levels  0^.015,  error  of  distance  0'.52.  The  Hoosac  tunnel  is 
over  25000  feet  long.  The  heading  from  the  east  end  met  the 
heading  from  the  central  shaft  at  a  point  11274  feet  from  the 
east  end  and  1563  feet  from  the  shaft.  The  error  in  alinement 
was  3^  of  an  inch,  that  of  levels  "  a  few  hundredths,"  error  of 
distance  ^'  trifling."  The  alinement,  corrected  at  the  shaft,  was 
carried  cm  through  and  met  the  heading  from  the  west  end  at  a 
point  10138  feet  from  the  west  end  and  2056  feet  from  the  shaft. 
Here  the  error  of  alinement  was^''  and  that  of  levels  0.134  foot. 


232  RAILROAD  CONSTRUCTION.  §  198, 

DESIGN 

198.  Cross-section.  Nearly  all  tunnels  have  croBS-eectioiui 
peculiar  to  themselves — ^all  varying  at  least  in  the  details.  The 
general  form  of  a  great  many  tunnels  is  that  of  a  rectangle  sur- 
mounted by  a  semi-circle  or  semi-ellipse.  In  very  soft  material 
an  inverted  arch  is  necessary  along  the  bottom.  In  such  cases 
the  sides  will  generally  be  arched  instead  of  vertical.  The  sides 
are  frequently  battered.  In  very  long  tunnels,  several  forms 
of  cross-section  wiU  often  be  used  in  the  same  tunnel,  owing  to 
differences  in  the  material  encountered.  In  soUd  rock,  which 
will  not  disintegrate  upon  exposure,  no  lining  is  required,  and 
the  crossHsection  will  be  the  irregular  section  left  by  the  folastiiig, 
the  only  requirement  being  that  no  rock  shall  be  left  within  the 
required  crossnsectional  figure.  Farther  on,  in  the  same  tunndl, 
when  passing  through  some  very  soft  treacherous  material,  it 
may  be  necessary  to  put  in  a  full  arch  lining — ^top,  sides,  and 
bottom — which  will  be  nearly  circular  in  crossHsection.  For 
an  illustration  of  this  see  Figs.  89  and  90. 

The  cross-section  recommended  by  the  A.  R.  E.  A.  for  single 
track  is  a  rectangle  16  feet  wide  by  16  feet  6  inches  hig^,  sur- 
mounted by  a  semi-circle  with  a  radius  of  8  feet.  The  top  oi  the 
tie  is  to  be  2  feet  above  the  bottom  which  is  at  sub-grade.  If 
the  surrounding  material  is  yielding  and  exerts  great  pressure, 
the  sides  should  be  battered  inward  1  foot  at  the  bottom.  For 
a  double  track  tunnel  the  design  is  similar,  except  that  the  width 
is  increased  by  the  standard  spacing  between  double  tracks  and 
the  top  is  a  compound  curve  made  up  of  two  S-footfluiios 
curves  at  the  sides  which  compound  into  a  curve  over  the  center 
which  will  give  a  clear  height  of  22  feet  6  inches  over  the  oetiter 
of  each  tie.  The  base  of  the  roof  curve  is  13  feet  6  inches  abovB 
the  top  of  the  ties.  The  bottom  slopes  to  a  central  gutter  wliioh 
is  6  inches  below  the  side  corners,  which  are  at  sub-grade.  Six- 
inch  cast-iron  pipes  should  be  spaced  as  needed  and  run  from 
each  side  to  the  central  gutter.  The  width  of  both  singje  and 
double  track  tunnels  should  be  increased,  if  the  tunnel  is  on  a 
curve,  and  the  track  centers  should  also  be  displaced,  so  that 
the  clearance  on  each  side  is  as  great  as  on  a  tangent.  Figs* 
80,  90  and  91,*  show  some  typical  cross-sections.  ^"^ 

199.  Grade.  A  grade  of  at  least  0.2%  is  needed  for  drainage. 
If  the  tunnel  is  at  the  summit  of  two  grades,  the  tunnel  grade 

*  Drinker's  "Tunneling.';     '  '        ■  "         ^ 
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ebould  be  practically  level,  with  an  allowance  for  drainage,  tiie 
actual  summit  being  at  either  end  but  luA  in  the  center.  When 
the  tunnel  forms  part  of  a  lout;  HsccndiuK  grade,  it  is  advisable 
to  reduce  the  grade  throuKh  the  tunnel  unleea  the  tuimel  is 
reiy  short.  The  additional  atmospheric  reeiatance  and  the 
decreased  adhesion  of  the  driver  wheels  on  the  damp  rails  in 
a  tunnel  will  cause  an  engine  to  work  very  hard  and  still  more 
rapidly  vitiate  the  atmosphere  until  the  accumulation  of  poison- 
ous gases  becomes  a  soiirce  of  actual  danger  to  the  « 


Pla.  81.  -3t.  Cloud  Tchhil. 

fireman  of  the  locomotive  and  of  extreme  discomfort  to  tba 
passengers.  If  the  nominal  ruling  grade  of  the  road  wtn 
mnmtaincd  through  a  tunnel,  the  maximum  resistance  would  bo 
foimd  in  the  tunnel.  This  would  probably  cause  tntino  to  atafl 
there,  which  would  be  objectionable  and  perhaps  dangerouB, 

300.  Lining.  It  ia  a  characteristic  of  many  kindg  of  lodk 
and  of  all  earthy  material  that,  although  they  maj  be  aeU- 
suslaining  when  first  exposed  to  the  atmosphere,  they  rapidly 
dii^integrate  and  require  that  the  top  and  perhaps  the  ridea  nad 
even  the  bottom  shall  be  lined  to  prevent  caving  in.  In  thif 
country,  when  timber  was  cheap,  it  was  formerly  franwd  mm  an 
arch  and  used  as  the  ptrmtmeid  lining  (see  fig.  B2},    but  in 
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any  such  case  the  croas-Bection  should  be  mode  extra  large 
so  that  a  masonry  lining  may  subsequently  be  placed  inside 
the  wooden  lining  and  thus  postpone  a  large  expense  imtil  the 
road  is  better  able  to  pay  for  the  work.  In,  very  soft  unstable 
material,  like  qitirksand,  an  arch  of  cut  stone  vouasoirs  may  be 
neeessary  to  withstand  the  presBure.  A  good  quality  of  brick  is 
oecasionally  used  for  lining,  aa  they  are  easily  handled  and  make 
good  masonry  if  the  pressure  is  not  exeesaive.  Only  the  best 
of  c«ment  mortar  should  be  used,  economy  in  this  feature  being 
the  worst  of  foUy.  Of  course  the  excavation  must  include  the 
outside  line  of  the  lining.  Any  excavation  which  is  made  out< 
tdde  of  this  Une  (by  the  fall  of  earth  or  looae  rock  or  by  excessive 
blasting)  must  be  refilled  with  slcne  well  packed  in.  Occasionally 
it  is  necessary  to  fill  these  spaces  with  concrete.  Of  course  it  is 
not  necessary  that  the  lining  be  uniform  throughout  the  tunnel, 
loi.  Shafts.  Shafts  are  variously  made  with  square,  rectan- 
gular, elliptieal,  and   circular   crosa-seetiona.     The  rectangular 
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crow  ooctioo,  with  the  longer  axis  parallel  with  the  tunnel,  is 
mcnt  usually  employed.  Generally  the  shaft  is  directly  oi'er  the 
center  of  the  tunnel,  but  that  always  implies  a  complieat*d  con- 
nection between  the  linings  of  the  tunnel  and  shaft,  provided 
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such  liniiiga  are  necessaiy.  It  is  easier  to  sink  a  shaft  oear  to 
me  side  of  the  tunnel  and  make  an  opening  through  the  nearly 
vertical  side  of  the  tunnel.  Such  a  method  was  employed,  in  OU 
Church  Hill  Tunnel,  illustrated  in  Fig.  92.*  Fig.  Ki  t  Bham 
a  cross-section  for  a  large  main  shaft.  Many  shaftB  have  been 
built  with  the  idea  of  being  left  open  permanently  for  ventila- 
tion (Uid  have  therefore  been  elaborately  lined  with  masonry. 


PiQ.   »3.  — CllOSS.BE(TrHlN.      I.AROB   M*IK  SKAt*. 

The  general  eonsensiis  of  opinion  now  appears  to  be  that  ehaftB 
are  worse  than  useless  for  ventilation;  that  the  quick  passage  of 
a  train  through  the  tunnel  ia  the  most  clTective  ventilator;  aod 
that  shafts  only  tend  to  produce  cross-currents  and  are  inefTectiTB 
to  clear  the  air.  In  eoiisetiuence,  many  of  these  elaborately 
lined  shafts  have  been  permanently  closed,  and  the  more  recent 
practice  is  to  close  up  a  shaft  as  soon  as  the  tunnel  is  completed. 
Shafts  alwaj's  form  drain  age -wells  for  the  material  they  paaa 
through,  and  somelimes  to  such  an  extent  that  it  Ib  a  aerioua 
matter  to  dispose  of  the  water  that  collecta  at  the  bottom, 
requiring  the  conHtruction  of  large  and  expensive  draina. 

301.  Drains.    A  tunnel  nn'll  almost  invariably  strike  veins  of 
water  which  will  promptly  bcfiin  to  drain  into  tho  tunnel  S 
not  only  cause  considerable  troulilc  and  expense  during  edtastnie- 
tion,  but  ncccssitutc  the  provision  of  permanent  drains  for  lis 
perpetual  disposjil.    Tlicsc  drains  must  frequently  be  bo  laigc  ai 

*  r>rinkpr>  ■Tunneling." 

t  Itiilis,  "Lehrbuch  dcr  Gesammten  TunMlbmlkuiM." 
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to  appreciably  increase  the  required  cross-section  of  the  tunnel. 
Generally  a  small  open  gutter  on  each  side  will  suffice  for  this 
purpose,  "but  in  double-track  tunnels  a  large  covered  drain  is 
often  built  between  the  tracks.  It  is  sometimes  necessary  to 
thoroughly  grout  the  outside  of  the  lining  so  that  water  will  not 
force  its  way  throUgh  the  masonry  and  perhaps  injure  it,  but 
may  freely  drain  down  the  sides  and  pass  through  openings  in 
the  side  walls  near  their  base  into  the  gutters. 

CONSTRUCTION. 

203.  Headings.  The  methods  of  all  tunnel  excavation  de- 
pend on  the  general  principle  that  all  earthy  material,  except 
the  softest  of  liquid  mud  and  quicksand,  will  be  self-sustaining 
over  a  greater  or  less  area  and  for  a  greater  or  less  time  after 
excavation  is  made,  and  the  work  consists  in  excavating  some 
material  and  inunediately  propping  up  the  exposed  surface  by 
timbering  and  poling-boards.  The  excavation  of  the  cross- 
section  begins  with  cutting  out  a  "heading,"  which  is  a  small 
horizontal  drift  whose  breast  is  constantly  kept  15  feet  or  niore 
in  advance  of  the  full  cross-sectional  excavation.  In  solid 
self-sustaining  rock^  which  will  not  decompose  upon  exposure 
to  air,  it  becomes  simply  a  matter  of  excavating  the  rock  with 
the  least  possible  expenditure  of  time  and  energy.  In  soft 
ground  the  heading  must  be  heavily  timbered,  and  as  the  heading 
is  gradually  enlarged  the  timbering  must  be  gradually  extended 
and  perhaps  replaced,  according  to  some  regular  system,  so  that 
when  the  full  cross-section  has  been  ex- 
cavated it  is  supported  by  such  timbering 
as  is  intended  for  it.  The  heading  is 
sometimes  made  on  the  center  line  near 
the  top;  with  other  plans,  on  the  center 
line  nedr  th^  bottom;  and  sometimes  two 
simultaiieous  headings  are  run  in  the  two 
lower  comers.  Headings  near  the  bot- 
tom serve-  the  purpose  of  draining  the 
material  above  it  and  facilitating  the 
excavation.  The  simplest  case  of  head- 
ing timbering  is  that  shosvn  in  Fig.  94, 
in  which  cro«»-timbers  are  placed  at  in-  ^iq.  94. 

tervals  just  under  the  roof,  set  in  notches 
cut  in  the  side  walls  and  supporting  poling-boards  which  sus- 
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tain  whatever  pressure  may  come  on  Ihem.  Cross-timbers 
near  the  bottom  support  a  flooring  on  w  hich  vehiclea  for  trans- 
porting material  may  be  run  and  under  which  the  drainage 
may  freely  escape.  Aa  the  neeessity  for  timbering  becomes 
greater,  side  timbers  and  even  bottom  timbers  must  be  added, 
these  timbers  supporting  poling -boards,  and  even  the  breast 
of  the  heading  must  be  protected  by  boards  suitably  braced. 


The  supporting  timbers  are  framed  into 
mner  that  added  pressure  only  i 


collars  in  a 
their  rigidit 

304.  Enlargement.  Enlargement  is  accomplished  by  remoT- 
ing  the  polinK-boards,  one  at  u  time,  excavating  a  greater  ot  ka> 
amount  of  mutcriul,  mid  immediately  supporting  the  exposed 
material  with  poling-lioarcis  suitably  braced.  (See  Figs.  K  and 
96.)  This  work  Ixiing  systematically  done,  space  is  theraby 
obtained  in  whii^h  the  fruming  for  the  full  cross-section  may  be 
gradually  introduced.    The  framing  is  coristtucted  with  a  eriMi 
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section  ao  U^ffi  that  the  masonry  liniDg  may  be  conBtructod 
within  it. 

105.  Distinctiva  fumires  of  wiout  methods  of  constructloii. 
There  are  six  general  aystems,  known  as  the  English,  German, 
Belgian,  p'reuch,  Austrian,  and  American.     They  are  so  named 


from  the  origin  of  the  methods,  although  their  use  is  not  con- 
fined to  the  countries  named.  Fig.  97  shows  by  numbers  (1  to  5) 
the  order  of  the  escavation  within  the  cross-sections.  The  Eng- 
Ush,  Austrian,  and  American  systems  are  alike  in  excf.vatuig  the 
entire  cross-aection  before  beginning  the  construction  of  the 
masonry  lining.  The  German  method  leaves  a  solid  core  (5) 
until  practically  the  whole  of  the  Uning  is  complete.  This  has 
the  disadvantago  of  extremely  cramped  quarters  for  work,  poor 
ventilation,  etc.  The  Belgian  and  French  methods  agree  in 
excavating  the  upper  part  of  the  section,  building  the  arch  at 
ouce,  and  supporting  it  temporarily  until  the  side  walla  are 
built.  The  Belgian  method  then  takes  out  the  core  (3),  removes 
very  short  sections  of  the  sides  (4)  immediately  underpinning 
the  arch  with  short  sections  of  the  side  walls  and  thus  gradually 
constructing  the  whole  side  wall.  The  French  method  digs  out 
the  sides  (3),  supporting  the  arch  temporarily  with  timbers  and 
then  replacing  the  limbers  with  masonry;  the  core  (4)  is  taken 
out  last.  The  French  method  has  the  same  disadvantage  as  the 
German— -working  in  acrHmped  space.  The  Belgian  and  French 
^Sterna  have  the  disadvantage  thsit  the  arch,  supported  tempo- 
rarily on  timber,  is  very  apt  to  be  strained  and  cracked  by  the 
dight  settlement  that  so  frequently  occurs  in  soft  material.  The 
~    "  \  AuttcUn,  and  American  methods  differ  mainly  in  the 
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design  of  (he  timbering.  The  English  support  the  roof  by  lines 
of  very  heavy  longitudinal  timbers  which  are  supported  at  c6ii»- 
paratively  wide  intervals  by  a  heavy  framework  b<i6upyiiig  iha 


4 
6 

1 

8 

1 

4 
6 

ENGLISH 


AUSTRIAN 


GERMAN 


BELGIAN 


FRENCH  AMERICAN 

Fxo.  U7.— Order  of  Working  by  the  Various 


whole  cross-section.  The  Austrian  system  uses  sucb  frequent 
cross-frani(\s  of  timber-work  tlial  poling-boards  will  suffice  to 
support  the  material  between  the  frames.  The  American  sys- 
tem agrees  with  the  Austrian  in  using  frequent 
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supporting  poling-boards,  but  differs  from  it  in  that  the  "cross 
frames"  consist  simply  of  arches  of  3  to  15  wooden  voussoirs, 
the  voussoirs  being  blocks  of  12"X12"  timber  about  2  to  8  f^et 
long  and  cut  with  joints  normal  to  the  arch.  These  arches  are 
put  together  on  a  centering  which  is  removed  as  soon  as  the  arch 
is  keyed  up  and  thus  immediately  opens  up  the  full  cross-section, 
so  that  the  center  core  (4)  may  be  immediately  dug  out  and  the 
masonry  constructed  in  a  large  open  space.  The  American  sys- 
tem has  been  used  successfully  in  very  soft  ground,  but  its  ad- 
vantages are  greater  in  loose  rock,  when  it  is  much  cheaper  than 
the  other  methods  which  employ  more*  timber.  Fig.  92  and 
Plate  III  illustrate  the  use  of  the  American  system.  Fig.  92 
shows  the  wooden  arch  in  place.  The  masonry  arch  may  be 
placed  when  convenient,  since  it  is  possible  to  lay  the  track  and 
commence  traflBc  as  soon  as  the  wooden  arch  is  in  place.  The 
student  is  referreji  to  Drinker's  "Tunneling"  and  to  Rziha's 
"Lehrbuch  der  Qesammten  Tunnelbaukunst "  for  numerous 
illustrations  of  European  methods  of  tunnel  timbering. 

206.  Ventilation  during  construction.  Tunnels  of  any  great 
length  must  be  artificially  ventilated  during  construction.  If 
the  excavated  material  is  rock  so  that  blasting  is  necessary,  the 
need  for  ventilation  beconaes  still  more  imperative.  Fresh  air 
is  forced  into  the  tunnel  at  or  near  the  ]ieading  ("  plenum  proc- 
ess ")  and  the  foul  air  is  ^hereby  crowded  out,  or  the  foul  air 
is  sucked  out  ("  vacuum  process  ")  and  fresh  air  rushes  into 
the  timnel  at  the  entrance.  "  Compressed  air  wasted  from 
power  drills  is  so  contaminated  with  oil  from  the  cylinders  that 
it  cannot  be  taken  into  consideration  as  ventilation."  The  draft 
of  air  up  a  shaft  will  occasionally  modify,  and  perhaps  assist, 
the  work  of  ventilation,  but,  in  general,  the  work  must  be  done 
by  means  of  power  fans. 

207.  Excavation  for  the  portals.  Under  normal  conditions 
there  is  always  a  greater  or  less  amount  of  open  cut  preceding 
and  following  a  tunnel.  Since  all  timnel  methods  depend  (to 
some  sli^t  degree  at  least)  on  the  capacity  of  the  exposed  ma- 
terial to  sot  aft  an  arch,  there  is  implied  a  considerable  thickness 
of  material  above  the  tunnel.  This  thickness  is  reduced  to 
nearly  aero  over  the  tunnel  portals  and  therefore  requires  special 
trcatm^t,'  pairiicularly  when  the  material  is  very  soft.     Fig.  98  * 

.    .iJ ;i— i^ 

*  BaiiiA,  "  Lehrbuch  der  Qesammten  Tunnelbaukuxuit."  , 


^42  KAILROAS   CONSTRUCTION.  iSOA. 

illustrates  one  method  of  b^<^akillg  into  the  ground  ftt  a  portal. 
The  loose  stones  are  pili^d  on  the  framing  lo  give  stability  to  tha 
framing  by  their  weight  and  also  to  retain  the  earth  oa  tba 
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slope  above.  Another  method  is  to  sink  a  tempomiy  ahaft  to 
ttiu  tunnel  near  the  portal;  immediately  enlarge  to  the  full  ua 
and  build  the  masonrj-  lining;  then  -nork  baclc  to  the  pOctaL 
This  method  is  more  coKtIy,  but  is  preferable  in  very 
ground,  it  being  less  liable  to  cause  landslides  of  tlw 
material.' 

ao8.  Tunneb  vs.  open  cuts.    In  coses  in  which  an  01 
rather  than  a  tunnel  is  a  possibility  the  ultimate  ci 
ia  generally  that  of  Hmt  cost  combined  with  other 
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rations  and  annual  maintenance  charges  directly  or  indirectly 

[lected  with  it.     Even  when  an  open  cut  may  be  constructed 

;he  same  cost  as  a  tunnel  (or  perhaps  a  little  cheaper)  the 

nel  may  be  preferable  under  the  following  conditions: 

,  When  the  soil  indicates  that  the  open  cut  would  be  liable 

andslides. 

.  When  the  open  cut  would  be  subject  to  excessive  snow- 

ts  or  avalanches. 

When  land  is  especially  costly  or  it  is  desired  to  run  imder 
ting  costly  or  valuable  buildings  or  monuments.     When  run- 
;  through  cities,  tunnels  are  sometimes  constructed  as  open 
and  then  arched  over. 

iese  cases  apply  to  tunnels  vs,  open  cuts  when  the  aline- 
t  is  fixed  by  other  considerations  than  the  mere  topography, 
broader  question  of  excavating  tunnels  to  avoid  excessive 
es  or  to  save  distance  or  curvature,  and  similar  problems, 
lardly  susceptible  of  general  analysis  except  as  questions  of 
ray  economics  and  must  be  treated  individually. 
9.  Cost  of  tunneling.  The  cost  of  any  construction  which 
lives  such  uncertainties  as  tunneling  is  very  variable.  It 
aids  on  the  material  encountered,  the  amount  and  kind  of 
Bering  required,  on  the  size  of  the  cross-section,  on  the  price 
ibor,  and  especially  on  the  reconstruction  that  may  be  neces- 
'  on  account  of  mishaps. 

leadings  generally  cost  $4  to  $5  per  cubic  yard  for  excava- 
,  while  the  remainder  of  the  cross-section  in  the  same  tunnel 

cost  about  half  as  much.  The  a^'erage  cost  of  a  large 
Jber  of  tunnels  in  this  coimtry  may  be  seen  from  the  foUow- 
table:* 


Cost  per  cubic  yard. 

Cost  per 
lineal  foot. 

Excavation. 

Masonry. 

ateriaA. 

Single. 

Single. 

Double. 

Single. 

Double. 

Double. 

rock 

rock 

iround. . . . 

$5.89 
3.12 
3.62 

$5.45 
3.48 
4.64 

$12.00 

9.07 

15.00 

$8.25 
10.41 
10.50 

$69.76 

80.61 

135.31 

$142.82 
119.26 
174.42 

♦  Figures  derived  from  Drinker's  "Tunneling." 
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The  above  figures  are  averages  for  tunnels  constructed  between 
1831  and  1877.  The  prices  paid  for  labor  varied  from  $1.00  to 
$2.75  per  day  for  ''  miners ''  and  075  to  $2.00  for  imskijled  labor. 
The  lower  figures  were  usually  paid  during  the  earlier  years. 
As  an  approximate  average,  the  figures  of  $2.00  pe^  day  for 
miners  and  $1.50  per  day  for  imskilled  labor  may  be  said  to  cor- 
respond to  the  av^age  costs  given  in  the  tabular  form.  On 
the  basis  that  all  other  expenses  (explosives,  cost  of  equq>inant, 
etc.)  vary  proportionately  to  wages,  the  tabular  figures  can 
even  now  be  utilized  by  increasing  them  according  to  the  praaent 
scale  for  labor.  The  figures  arc  also  instructive  since  they,  show 
the  relative  cost  of  tunneling  through  hard  rock,  loose  rook  and 
soft  groxmd. 


CHAPTEp,  VI. 
CULVERTS  AND  MINOR  BRIDGES. 

210.  Definition  and  object  Although  a  variable  percentage 
of  the  rain  falling  on  any  section  of  country  soaks  into  thie 
ground  and  d6es  not  inamediately  reapp>ear,  yet  a  very  larjge 
percentage  flows  over  the  surface,  always  seeking  and  following 
the  lowest  channels.  The  roadbed  of  a  railroad  is  constantly 
intersecting  these  channels,  which  frequently  are'  normally  dry. 
In  order  to  prevent  injury  to  railroad  embankments  by  the  im- 
pounding of  such  rainfall,  it  is  necessary  to  construct  waterways 
through  the  embankment  through  which  such  rainflow  riia}' 
freely  pass.  Such  waterw^ays,  called  culverts,  are  a!i30  appli- 
cable for  the  bridging  of  very  small  although  perennial  streams, 
and  therefore  in  this  work  the  term  culvert  will  be  applied  to 
all  water-channels  passing  through  a  railroad  ^nibankment 
which  are  not  of  sufficient  magnitude  to  require  a  special  struc- 
tural design,  such  as  is  necessary  for  a  large  masonry  arch  or  a 
truss  bridge. 

211.  Elements  of  the  design.  A  well-designed  culvert  must 
afford  such  free  passage  to  the  water  that  it  will  not  "back  up" 
over  the  adjoining  land  nor  cause  any  injury  to  the  embankment 
or  culvert.  The  ability  of  the  culvert  to  discharge  freely  all  the 
water  that  comes  to  it  evidently  depends  chiefly  on  the  area  of 
the  waterway,  but  also  on  the  form,  length,  slope,  and  materials 
of  construction  of  the  culvert  and  the  nature  of  the  approach 
and  outfall.'  When  the  embankment  is  very  low  and  the  amoiirit 
of  water  to  be  discharged  very  great,  it  sometimes  becomes 
necessary  to  allow  the  water  to  discharge  "under  a  head,"  i  e., 
with  the  surface  of  the  water  above  the  top  of  the  culvjert. 
Safety  then  requires  a  much  stronger  construction  than  would 
otherwise  be  necessary  to  avoid  injury  to  the  culvert  or  embank- 
ment by  washing.  The  necessity  for  such  constnictibn  should 
be  avoided  if  poi^ble. 

245 
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AREA   OF  THE   WATERWAY. 

212.  Elements  involved.  The  determination  of  the  required 
area  of  the  waterway  involves  such  a  multiplicity  of  indeter- 
minate elements  that  any  close  determination  of  its  value  from 
purely  theoretical  considerations  is  a  practical  impossibility. 
The  principal  elements  involved  are: 

a.  Rainfall.  The  real  test  of  the  culvert  is  its  capacity  to 
discharge  without  injury  the  flow  resulting  from  the  extraordi- 
nary rainfalls  and  "cloud  bursts"  that  may  occur  once  in  many 
years.  Therefore,  while  a  knowledge  of  the  average  annual 
rainfall  is  of  very  Httle  value,  a  record  of  the  maximum  rainfall 
during  heavy  storms  for  a  long  term  of  years  may  give  a  relative 
idea  of  the  maximum  demand  on  the  culvert. 

b.  Area  of  watershed.  This  signifies  the  total  area  of  country 
draining  into  the  channel  considered.  When  the  drainage  area 
is  very  small  it  is  sometimes  included  within  the  area  surveyed 
by  the  preliminary  survey.  When  larger  it  is  frequently  possi- 
ble to  obtain  its  area  from  other  maps  with  a  percentage  of 
accuracy  sufficient  for  the  purpose.  Sometimes  a  special  survey 
for  the  purpose  is  considered  justifiable. 

c.  Character  of  soil  and  vegetation.  Tliis  has  a  large  in- 
fluence on  the  rapidity  with  which  the  rainflow  from  a  given 
area  will  reach  the  culvert.  If  the  soil  is  hard  and  impermeable 
and  the  vegetation  scant,  a  heavy  rain  will  run  off  suddenly, 
taxing  the  capacity  of  the  culvert  for  a  short  time,  while  a 
spongy  soil  and  dense  vegetation  will  retard  the  flow,  making  it 
more  nearly  uniform  and  the  maximum  flow  at  any  one  time 
much  less. 

d.  Shape  and  slope  of  watershed.  If  the  watershed  is  very 
long  and  narrow  (other  things  being  equal),  the  water  from  the 
remot<;r  part^  will  require  so  much  longer  time  to  reach  the 
culvert  that  the  flow  will  be  comparatively  uniform,  especially 
when  the  slope  of  the  whole  watershed  is  very  low.  When  the 
slope  of  the  remoter  portions  is  quite  steep  it  may  result  in  the 
nearly  simultaneous  arrixal  of  a  storm-flow  from  all  part^  of  the 
watershed,  thus  taxing  the  capacity  of  the  culvert. 

e.  Effect  of  design  of  culvert.  The  principles  of  hydraulics 
show  that  the  sloj)c  of  the  culvert,  its  length,  the  form  of  the 
cross-section,  the  nature  of  the  surface,  and  the  form  of  tbe 
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approach  and  discharge  all  have  a  considerable  influence  on  the 
area  of  cross-section  required  to  discharge  a  given  volume  of 
water  in  a  given  time,  but  unfortunately  the  combined  hy- 
draulic effect  of  these  various  details  is  still  a  very  imcertain 
quantity. 

213.  Methods  of  computation  of  area.  There  are  three  pos- 
sible methods  of  computation. 

(a)  Theoretical.  As  shown  above  it  is  a  practical  impossi- 
bility to  estimate  correctly  the  combined  effect  of  the  great  mul- 
tiplicity of  elements  which  influence  the  final  result.  The  nearest 
approach  to  it  is  to  estimate  by  the  use  of  empirical  formulaB 
the  amount  of  water  which  will  be  presented  at  the  upper  end 
of  the  culvert  in  a  given  time  and  then  to  compute,  from  the 
principles  of  hydraulics,  the  rate  of  flow  through  a  culvert  of 
given  construction,  but  (as  shown  in  §  212,  e)  such  methods  are 
still  very  imreliable,  owing  to  lack  of  experimental  knowledge. 
This  method  has  apparently  greater  scientific  accuracy  than 
other  methods,  but  a  little  study  will  show  that  the  elements 
of  uncertainty  are  as  great  and  the  final  result  no  more  reliable. 
The  method  is  most  reliable  for  streams  of  uniform  flow,  but 
it  is  under  these  conditions  that  method  (c)  is  most  useful.  The 
theoretical  method  will  not  therefore  be  considered  further. 

(b)  Empirical.  As  illustrated  in  §  214,  some  formula)  make 
the  area  of  waterway  a  function  of  the  drainage  area,  the  for- 
mula bemg  affected  by  a  coefficient  the  value  of  which  is  esti- 
mated between  limits  according  to  the  judgment  Assuming 
that  the  formulsB  are  sound,  their  use  only  narrows  the  limits  of 
error,  the  final  determination  depending  on  experience  and 
judgment  in  the  choice  of  the  proper  coefl5cient. 

(c)  From  observation.  This  method,  considered  by  far  the 
best  for  permanent  work,  consists  in  observ'ing  the  high-water 
marks  on  contracted  channel-openings  which  are  on  the  same 
stream  and  as  near  as  possible  to  the  proposed  culvert.  If  the 
country  is  new  and  there  are  no  such  openings,  the  wisest  plan 
is  to  bridge  the  opening  by  a  temporary  structure  in  wood  which 
has  an  ample  waterway  (see  §  158,  6,  4)  and  carefully  observe 
all  high-water  marks  on  that  opening  during  the  6  to  10  years 
which  is  ordinarily  the  minimum  life  of  such  a  structure.  As 
shown  later,  such  observations  may  be  utilized  for  a  close  com- 
putation of  the  required  waterway.  Method  (6)  may  be  utilized 
for  an  approximate  calculation  for  the  required  are^  for  the  tern- 
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porary  structure,  lising  a'  value  which  is  inteatidnally  cxce8sl\'e> 
so  that  a  permanent  structure  of  sufficient  capacity  may  subae? 
quently  be  constructed  within  the  temporary  structure. 

214.  Empirical  formuke.  Two  of  the  best  known  empiriodl 
formulae  for  area  of  the  waterway  are  the  foUoTi-ing: 

(a)  Myer's  formula: - 

Area  of  watenvay  in  square  feet  =CXV'drainage  area  in  acteA^ 
where  C  is  a  coefficient  varying  from  1  for  flat  coimtry  to  4  for 
nlountainous  country  and  rocky  groudd.  As  an  illustration,  if 
the  drainage  area  is  100  acres,  the  watenvay  area  should  be  froDi 
10  to  40  square  feet,  according  to  the  valufe  of  the  coefficient 
cliosen.  It  should  be  noted  thdt  this  formula  does  not.  regard 
the  great  \'ariations  in  rainfall  in  various  p&Tis  of  the  worid  nor 
the  design  of  the  culvert,  and  also  that  th&  final  result  depends 
largely  oti  the  choice  of  the  coefficient. 

(b)  Talbot's  fonriula: 

Area  of  waterway  in  square  feet =CX>y (drainage  atea  in  acres)^ 
•*  For  steep  and  rocky  ground  C  varies  from  §  to  1.  For  rolling 
a;;ricultural  country  subject  to  floods  at  times  of  melting  goaow^ 
and  with  the  length  of  the  valley  three  or  four  times  its  width,  C 
13  about  i;  aild  if  the  stream  is  longer  in  proportion  to  the  area,* 
decrease  C.  In  districts  not  affected  by  accutnulated  snow,. and 
(yJiere  the  length  of  the  valley  is  several  times  the^  width;  J  or  }, 
or  even  less,  may  be  used.  C  should  lie  increased  for  steep-sidB 
slopes,  especially  if  the  upper  part  of  the  valley- has  a  najiich 
greater  fall  than  the  channel  at  the  culvert.''  *  Aa  fm  illus- 
tration, if  the  drainage  area  is  100  acres  the  area  of  waterwivj^ 
should  be  CX31.6.  The  area  should  then  vary  from  5  to  31 
square  feet,  according  to  the  character  of  the  country.  Like 
the  previous  estimate,  the  result  depends  on  the  choice  of  a 
coefficient  and  disregards  local  variations  in  rainfall,  except  as 
they  may  be  arbitrarily  allowed  for  in  choosing  the  coeffi- 
cient. 

215.  Value  of  empirical  formulae.  The  fact  that  these  fop- 
muUe,  as  well  as  many  others  of  similar  nature  that  have  been 
suggested,  depend  so  largely  upon  the  choice  of  the  coefficient 
shows  that  they  are  valuable  "  more  as  a  guide  to  the  judgment' 
than  as  a  working  rule,"  as  Prof.  Talbot  explicitly  declares  in 


*  Prof.  A.  N.  Talbot.  "Selected  Papers  of  the  Civil  EngiiMen'  Gliib  of 
the  Univ.  of  Illinois." 
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commentihg  oh  his  own  forniula.  In  short,  they  are  chiefly  valu- 
able in  indicating  a  probable  maximum  and  minimum  between 
which  the  true  result  prbbably  lies: 

216.  Results  based,  on  observation.  As  already  indicated  in 
§  213,  observation  of  the  stream  in  question  gives  the  most 
reliable  rei^lts.  If  the  country  is  new  and  no  records  of  the 
flow  of  the  stream  during  heavy  storms  has  been  taken,  evep 
the  life  of  a  teril{)orary  wooden  structure  may  not  be  long  enough 
to  include  one  of  the  unusually  severe  storms  which  must  be 
aflowed  for,  but  thei^  will  usually  be  some  high-water  mark 
which  will  indicate  how  much  opening  will  be  required.  The 
following  quotation  illustrates  this:  "A  tidal  estuary  may  gen- 
erally be  safely  narrowed  considerably  from  the  extreme  water 
lines  if  stone  revetments  are  used  to  protect  the  bank  from 
wash.  Above  the  true  estuary,  where  the  stfeam  cuts  through 
the  marsh,  we  generally  find  nearly  vertical  banks,  and  we  are. 
isafe  if  the  faces  of  abutments  are  placed  even  with  the  banks. 
In  level  section^  of  the. country,  whiere  the  current  is  sluggish, 
it  is  usuall^r  safe  to  encroabh  somewhat  on  the  general  width 
bf  the  stream,  biit  in  rapid  streams  among  the  hills  the  widtl) 
that  the  strekm  has  cUt  for  itself  through  the  soil  should  not  Ih 
lessened,  and  in  rivines  cflrrying  mountain  torrents  the  open 
ings  miist  be  left  very  much  larger  than  the  ordinary  appear- 
ance of  the  banks  of  the  stream  would  seem  to  make  neces- 
saiy."  *     : 

As  an  illustraitibn  of  ah  observation  of  a  storm-flow  through 
a  temporary  trestle,  the  following  is  quoted :  "  Having  the  flood 
height  and  velocity,  it  is  an  easy  matter  to  determine  the  vol- 
ume of  water  to  be  taken  care  of.  I  have  one  ten-bent  pile 
trestle  135  feet  long  and  24  feet  high  over  a  spring  branch  that 
ordinarily  runs  about  six  cubic  inches  per  second.  Last  sum- 
mer during  one  of  our  heavy  rainstorms  (four  inches  in  less 
than  three  hours)  I  visited  this  place  and  found  by  float  obser- 
vations the  surface  velocity  at  the  highest  stage  to  be  1.9  feet 
per  second.  I  made  a  high-water  mark,  and  after  the  flood- 
water  receded  found  the  width  of  stream  to  be  12  feet  and  an 
average  depth  of  2i  feet.  This,  with  a  surface  velocity  of  1.9 
feet  per  second,  would  give  approximately  a  discharge  of  50 


*  J.  P.  Snow,  Boston  &  Maine  Railway,     From  Report  to  Association  of 
Railway  Superintendents  of  Bridges  and  Buildings.     1897. 
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cubic  feet,  or  375  gallons,  per  second.     Having  this  information 
it  is  easy  to  determine  size  of  opening  required."  * 

217.  Degree  of  accuracy  required.  The  advantages  result* 
ing  from  the  use  of  standard  designs  for  culverts  (aa  well  aa 
other  structures)  have  led  to  the  adoption  of  a  comparatively 
small  number  of  designs.  The  practical  use  made  of  a  compu- 
tation of  required  waterway  area  is  to  determine  which  OBe  of 
several  standard  designs  will  most  nearly  fulfill  the  require* 
ments.  For  example,  if  a  24-inch  iron  pipe,  having  an  area  of 
3.14  square  feet,  is  considered  to  be  a  little  small,  the  next  siie 
(30-inch)  would  be  adopted;  but  a  30-inch  pipe  has  an  area  ol 
4.92  square  feet,  which  is  56%  larger.  A  similar  result,  except 
that  the  percentage  of  difference  might  not  be  quite  so  marked, 
will  be  found  by  comparing  the  areas  of  consecutive  standard 
designs  for  stone  box  culverts. 

The  advisability  of  designing  a  culvert  to  withstand  any 
storm-flow  that  may  ever  occur  is  considered  doubtful.  Se^'eral 
years  ago  a  record-breaking  storm  in  New  England  earned 
away  a  very  large  number  of  bridges,  etc.,  hitherto  supposed 
to  be  safe.  It  was  not  afterward  considered  that  the  design  of 
those  bridges  was  faulty,  because  the  extra  cost  of  constructing 
bridges  capable  of  withstanding  such  a  flood,  added  to  interest 
for  a  long  period  of  years,  would  be  enormously  greater  than*  the 
cost  of  repairing  the  damages  of  such  a  storm  once  or  twice  in 
a  century.  Of  course  the  element  of  danger  has  some  weight, 
but  not  enough  to  justify  a  great  additional  expenditure,  for 
common  prudence  would  prompt  unusual  precautions  during 
or  immediately  after  such  an  extraordinary  storm. 

PIPE    CULVERTS. 

218.  Advantages.  Pipe  culverts,  made  of  cast  iron  or  earthen- 
ware, are  very  durable,  readily  constructed,  moderately  cheap, 
will  pass  a  larger  volume  of  water  in  proportion  to  the  area  than 
many  other  designs  on  account  of  the  smoothness  of  the  sur- 
face, and  (when  using  iron  pipe)  may  be  used  very  close  to 
the  track  when  a  low  opening  of  large  capacity  is  required. 
Another  advantage  lies  in  the  case  with  which  they  may  be 
inserted  tlu-ough  a  somewhat  larger  opening  that  has  been 

•  A.  J.  Kellcy,  Kanaas  City  Belt  Railway.     From  Report  to 
of  Railway  Superintendents  of  Bridges  and  Buildings.    1897. 
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temporarily  lined  with  wood,  without  disturbing  the  roadbed 
or  track 

219.  Construction.  Permanency  requires  that  the  founda- 
tion shall  be  firm  and  secure  against  being  washed  out.  To 
accomplish  this,  the  soil  of  the  trench  should  be  hollowed  out  to 
fit  the  lower  half  of  the  pipe,  making  suitable  recesses  for  the 
bells.  In  very  soft  treacherous  soil  a  foundation-block  of  con- 
crete is  sometimes  placed  under  each  joint,  or  even  throughout 
the  whole  length.  When  pipes  are  laid  through  a  slightly 
larger  timber  culvert  great  care  should  be  taken  that  the  pipes 
are  properly  supported,  so  that  there  will  be  no  settling  nor 
development  of  imusual  strains  when  the  timber  finally  decays 
and  gives  way.  To  prevent  the  washing  away  of  material 
around  the  pipe  the  ends  should  be  protected  by  a  bulkhead. 
This  is  best  constructed  of  masonry  (see  Fig.  99),  although  wood 
is  sometimes  used  for  cheap  and  minor  constructions.  The  joints 
should  be  calked,"  especially  when  the  culvert  is  liable  to  run 
full  or  when  the  outflow  is  impeded  and  the  culvert  is  liable  to 
be  partly  or  wholly  filled  during  freezing  weather.  The  cost  of 
a  calking  of  clay  or  even  hydraulic  cement  is  insignificant  com- 
pared with  the  value  of  the  additional  safety  afforded.  When 
the  grade  of  the  pipe  is  perfectly  uniform,  a  verj'-  low  rate  of 
grade  will  suffice  to  drain  a  pipe  culvert,  but  since  some  uncven- 
ness  of  grade  is  inevitable  through  uneven  settlement  or  im- 
perfect construction,  a  grade  of  1  in  20  should  preferably  be 
required,  although  much  less  is  often  used.  The  length  of  a 
pipe  culvert  is  approximately  determined  as  follows: 

Length  =  2s  (depth  of  embankment)  +  (width  of  roadbed), 

in  which  «  is  the  slope  ratio  (horizontal  to  vertical)  of  the  banks. 
In  practice  an  even  number  of  lengths  should  be  used  which  will 
equal  or  exceed  the  length  given  by  this  formula. 

220.  Iron-pipe  culverts.  Simple  cast-iron  pipes  are  used  in 
sizes  from  12"  to  48"  diameter.  These  are  usually  made  in 
lengths  of  12  feet  with  a  few  lengths  of  6  feet,  so  that  any  required 
length  may  be  more  nearly  obtained.  The  lightest  pipes  made 
are  suflSciently  strong  for  the  purpose,  and  even  those  which 
would  be  rejected  because  of  incapacity  to  withstand  considerable 
internal  pressure  may  be  utilized  for  this  work.  In  Fig.  99  are 
shown  the  standard  plans  used  on  the  C.  C.  C.  &  St.  L.  Ry., 
which  may  be  considered  as  typical  plans. 


St.  h.  Kt.    (Uar  18l».) 
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Pipes  formed  of  cost'iroQ  segmeuts  have  been  used  up  to  12 
feet  diameter,  'The  shell  is  then  made  comparatively  thin,  but 
is  stiffened  by  ribs  and  flanges  on  the  outside.  The  segments 
break  joints  and  are  bolted  together  through  the  6ange8.  The 
joints  are  made  ti^t  by  the  use  of  a  tarred  rope,  together  with 
neat  cement. 

211,  Tile-pipe  culverts.  The  pipes  used  for  tliis  purpose  vary 
from  12"  to  30"  in  diameter.  When  a  lai^er  capacity  is  required 
two  or  more  pipes  may  be  laid  side  by  side,  but  in  such  a  case 
another  design  m^t  be  preferable.  It  ia  frequently  specified 
that  "  double-strength  "  or  "  extra-heavy  "  pipe  shall  be  used.  > 


UP-3TREAH.£ND.         DOWIt-STREAM  ETiO,  DOWN  STREAM  END.    TlinEE  PIPES. 

FlO.    lOO.— STABDABD  VlTBlIIKB-PIFB  CtJLVEBT,       PLANT  SVSTEH,       (1891.) 

The  author's  personal  experience  is  that  tile  pipe  are  very  unreli- 
flble  as  culvert  pipe,  especially  if  there  ia  any  subsidence  of  the 
original  soil  which  supports  the  embankment.  Sec  }  127-8. 
When  a  tile  pipe  is  laid  in  a  sewer,  the  soil  on  which  it  ia  laid  is 
usually  compact  find  there  is  no  subsequent  settlement.  But 
when  a  culvert  pipe  is  laid  on  soft  meadow  soil  and  a  high  ein- 
bankment  is  formed  over  it,  there  is  almost  inevitably  a  settle^ 
ment,  which  ia  probably  not  u2uform  and  the  culvert  settles  out 
of  line,  even  if  it  does  not  break  up  and  collapse.  If  the  bed  of  the 
stream  is  rocky  (precluding  future  settlement)  and  the  pipes  are 
bedded  in  coticrete,  tjiere  is  less  chance  of  failure.  In  l''ig.  100 
are  shown  the  standard  plans  for  vitrified-pipe  culverts  as  used 
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on  the  "  Plant  system."  Tile  pipe  is  much  cheaper  than  iron 
pipe,  but  is  made  in  much  shorter  lengths  and  requires  much 
more  work  in  laying  and  especially  to  obtain  a  uniform  grade. 

Concrete  pipes,  factory  made,  both  plain  and  with  metal  rein- 
forcement, 12"  to  48"  in  diameter,  have  come  into  use  in  recent 
years.  They  are  stronger  and  more  dependable  than  tile  and 
there  is  no  deterioration. 

BOX   CULVERTS. 

222.  Wooden  box  culverts.  This  form  serves  the  purpose 
of  a  cheap  temporary  construction  which  allows  the  use  of  a 
ballasted  roadbed.  As  in  all  temporary  constructions,  the  area 
should  be  made  considerably  larger  than  the  calculated  area 
(§§213-216),  not  only  for  safety  but  also  in  order  that,  if  the 
smaller  area  is  demonstrated  to  be  sufficiently  large,  the  per- 
manent construction  (probably  pipe)  may  be  placed  inside  with- 
out disturbing  the  embankment.  All  designs  agree  in  using 
heavy  timbers  (12"X12",  10"X12",  or  8"X12")  for  the  side 
walls,  cross-timbers  for  the  roof,  every  fifth  or  sixth  timber 
being  notched  down  so  as  to  take  up  the  thrust  of  the  side  walls, 
and  planks  for  the  flooring.  Fig.  101  shows  some  of  the  standard 
designs  as  used  by  the  C,  M.  &  St.  P.  Ry. 


P^ 
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Fia.  101. —Standard  Timbeb  Box  Culvert.    C.,M.&  St.  P. Rt.  (Feb.  1880.) 

223.  Stone  box  culverts.  In  localities  where  a  good  quality 
of  stone  is  cheap,  stone  box  culverts  are  the  cheapest  form  of 
permanent  construction  for  culverts  of  medium  capacity,  but 
their  use  is  decreasing  owing  to  the  frequent  difficulty  in  obtam* 
ing  really  suitable  stone  within  a  reasonable  distance  of  the 
culvert.  The  clear  span  of  the  cover-stones  varies  from  2  to  4 
feet.    The  required  thickness  of  the  cover-stones  is  sometiiiMi 
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by  the  theory  of  transverse  strains  on  the  basis  of 
umptions  of  loading — as  a  function  of  the  height  of 
kment  and  the  unit  strength  of  the  stone  used.  Such 
s  simply  another  illustration  of  a  class  of  calculations 

very  precise  and  beautiful,  but  which  are  worse  than 
cause  misleading)  on  account  of  the  hopeless  uncer- 
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Standard  Single  Stone  Culvert  (3'X4'). 

(1890.) 


N.  &  W.  II.  R. 


to  the  true  value  of  certain  quantities  which  must  be 
e  computations  In  the  first  place  the  true  value  of 
nsile  strength  of  stone  is  such  an  uncertain  and  variable 
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quantity  lliat  calculations  based  on  any  assumed  value  for  it  i 
of  small  reliability.  In  the  second  pJace  the  weight  of  the  pri 
of  earth  lying  directly  above  the  stone,  plus  an  allowance  fori 
load,  is  by  no  means  a  measure  of  the  load  on  the  stone  nor 
the  forces  that  tend  to  fracture  it.     All  earthwork  will  tend 
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form  an  arch  above  any  cavity  and  thus  relieve  an  unccrti 
and  probably  variable  proporliou  of  the  pressure  tiuti  sol 
othem'ise  exist.    The  higher  the  embankment  the  Ism  the  f 
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portionate  loading,  until  at  some  uncertain  height  an  increaab 
in  height  will  not  increase  the  load  on  the  covernstones.  The 
effect  of  frost  is  likewise  large,  but  uncertain  and  not  computable. 
The  usual  practice  is  therefore  to  make  the  thickness  such  as 
experience  has  shown  to  be  safe  with  a  good  quaUty  of  stone, 
i.e.,  about  10  or  12  inches  for  2  feet  span  and  up  to  16  or  18 
inches  for  4  feet  span.  The  side  walls  should  be  carried  do^-n 
deep  enough  to  prevent  their  being  undermined  by  scour  op 
heaved  by  frost.  The  use  of  cement  mortar  is  also  an  important 
f(  ature  of  first-class  work,  especially  when  there  is  a  rapid  scour- 
ing current  or  a  liability  that  the  culvert  will  run  under  a  head. 
In  Figs.  102  and  103  are  shown  standard  plans  for  single  and 
double  stone  box  culverts  as  used  on  the  Norfolk  &  Western  R.R. 
224.  Old-rail  eulverts.  It  sometimes  happens  (although  very 
rarely)  that  it  is  necessary  to  bring  the  grade  line  within  3  or  4 
feet  of  the  bottom  of  a  stream  and  yet  allow  an  area  of  10  or  12 
square  feet.  A  single  large  pipe  of  sufHeient  area  could  not  be 
used  in  this  case.  The  use  of  several  smaller  pi|H^s  side  by  side 
would  be  both  expensive  and  inefficient.  For  similar  reasons 
neither  wooden  nor  stone  box  culverts  could  be  used.  In  such 
cases,  as  weU  as  in  many  others  where  the  head-room  is  not  so 
limited,  the  plan  illustrated  in  Fig.  104  is  a  very  satisfactory 


Fici.  104. — Standard    Old-rail  Culvkrt.     N.  &  W.  R.R.     (1895.) 

Bolutioh  of  the  problem.  The  old  rails,  having  a  length  of  8  or 
9  feet,  are  laid  close  together  across  a  O-foot  opening.  Some- 
timed  the  rails  are  held  together  by  long  bolts  passing  through 
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tic«;  w^rY/c  of  the  rails.  In  the  plan  shown  the  raOs  are 
r^y  low  frnd  walls  on  each  abutment.  This  plan  reqa 
Vj  ixi*:iifiH  Yx^twcen  the  base  of  the  rail  and  the  top  oi  th 
chkiSixM.  It  also  gives  a  continuous  ballasted  roadbed. 
325.  Reinforced  Concrete  Ctdverts.  The  devek^ 
nuJ^ircuA  concrete  as  a  structural  material  is  iUustn 
t:xX4',tinivfi  arioptioii  for  arches  and  also  for  culverts.  C 
fefy^:ial  tyjiCH  which  has  been  adopted  is  that  of  a  bo 
which  has  a  concrete  bottom.  Since  this  bottom  CBO 
wj  tlmt  it  will  withstand  an  upward  transverse  stresB,  it 
a  broad  foundation  for  the  whole  culvert,  and  thw 
r;ljrfiinat^;B  the  necessity  for  extensive  footing  to  the  aid 
iUti  culvert,  such  as  are  necessary  in  soft  ground  with  an 
kUftu:  culvert.  Another  advantage  is  that  the  inside  c 
vert  may  U;  made  i)erfcctly  smooth  and  thus  ofifer  leas 
tr>  the  passage  uf  water  through  it.  As  may  bo  not 
Fig.  lOf),  mich  a  culvert  is  provided  with  flaring  head  1 
sunken  end  walls,  so  that  the  water  may  not  soour  in 
the  culvert,  and  other  features  common  to  other  ^3 
fittetiipt  will  here  ))c  made  to  discuss  the  design  of  : 
foucTi'U*,  ex(^(^pt  to  say  that  all  four  sides  of  such  a  b 
are  df^igruul  to  withstand  a  computed  bursting  piesBO 
U'UiIh  to  (;ruHh  the  flat  sides  inward.  In  Fig.  105  is  1 
jM list  ration  of  the  many  types  of  culverts  which  I 

dcbigucd  uf  rciiifurccd  concretei 


ARCH   CULVERTS. 

226.  Influence  of  design  on  flow.    The  variations  in 

(if  arch  culverts  Iiavo  a  vorv  marked  influence  on  tin 
I'llirinu-y.  'Vo  eombino  the  least  cost  with  the  gK 
ciiiii  V,  due  weight  should  bo  given  to  the  following 
(//)  nuuMUit  of  masonry,  {b)  the  simplicity  of  the  CO 
wnrk,  {(•)  the  design  of  the  wing  walls,  (d)  the  ded 
jiiiiel  ion  of  the  wing  walls  with  the  barrel  and  faces  d 
luul  (t)  the  safety  and  ixTmancncy  of  the  constructio 
elements  are  more  or  less  antagonistic  to  each  otha 
defects  of  most  designs  are  due  to  a  lack  of  proper] 
in  the  design  o(  those  opposing  interests.  The  aiin 
struct  ion  i^satisfying  elements  b  and  e)  is  the  Btnif^l 
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between  two  parallel  vertical  head  walls,  as  sketched  in  Fig. 
106,  a.  From  a  hydraulic  standpoint  the  design  is  poor,  as  the 
water  eddies  around  the  corners,  causing  a  great  resifitance 
which  decreases  the  flow.    Fig.  lOO,  b,  shows  a  much  better 
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(6) 
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FiQ.  106. — Types  or  Culyebts. 


design  in  many  respects,  but  much  depends  on  the  details  of  the 
design  as  indicated  in  elements  (&)  and  (d).  As  a  general  thing 
a  good  hydraulic  design  requires  compUcated  and  expensive 
masonry  construction,  i.e.,  elements  (b)  and  (d)  are  opposed. 
Design  106,  c,  is  sometimes  inapplicable  because  the  water  is 
Uable  to  work  in  behind  the  masonry  during  floods  and  perhaps 
cause  scour.     This  design  uses  less  masonry  than  (o)  or  (6).  ■ 

227.  Example  of  arch  culvert  design.  In  Plate  IV  is  shown 
the  design  for  an  8-foot  arch  culvert  according  to  the  atandiud 
of  the  Norfolk  and  Western  R.  R.  Note  that  the  phm  uses  the 
flaring  wing  walls  (Fig.  106,  b)  on  the  up-streain  side  {thus 
protecting  the  abutments  from  scour)  and  straight  wing  willp 
(similar  to  Fig,  106,  c)  on  the  down-stream  end.  This  eeo^o^ 
mizcs  masonry  and  also  simplifies  the  constructive  work.  ^^ 
also  the  sunplicity  of  the  junction  of  the  wing  walls  witlfc'tte 
barrel  of  the  arch,  tlicre  being  no  re-entrant  angles  below  thp 
springing  line  of  the  arch.  Tlie  design  here  shown  is  but 
of  a  set  of  designs  for  arches  varj'ing  in  span  from  6'  to  SO*. 


MINOR   OPENINGS. 


228.  Cattle-guards,     (a)  Pit  guards.     Cattle-guards  will  be 
considcTcd  under  the  head  of  minor  openings,  since  the  old-   j 
fashioned  plan  of  pit  guards,  which  are  even  now  defended  and 
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preferred  by  somfi  railroad  men,  requires  a  break  ih  the  ooh- 
tinuity  of  the  roadbed.    A  pit  about  three  fe6t  deep,  five  feet 


Fin.    107.  — C&TTUHIDABD    WTTQ    WoODBH    SLAIS. 

long,  And  as  wide  as  the  width  of  the  roadbed,  is  waUed  up  with 
Btotte  (sometimes  with  wood),  and  the  t&iin  are  supported  oo 
heavy  timbers  laid  longitudinally  with  the  rails.  The  break  in 
the  ooillinuity  of  the  roadbed  produces  a  disturbance  in  the 
elastis  WaVQ  running  through  the  rails,  the  effect  of  which  is 
Dotioeabte  at  hi^  velocities.  The  greatest  objection,  however, 
lies  in  tlte  dangerous  consequences  of  a  derailment  or  a  failure 
of  the  limbeii  owing  to  unobserved  decay  or  deslruction  by 
fire — caused  pWhaps  by  sparks  and  cinders  from  piiasing  loco- 
motives. The  very  insignifieance  of  the  structure  often  leads 
to  careleBS  tiupection.  But  if  a  single  pair  of  wheels  gets  ofT  the 
rails  and  drops  into  the  pit,  a  costly  wreck  is  inevitable. 

(b)  Surface  catlle-guaids.    These  are  fastened  on  top  of  the 

ties;  the  continuity  of  the  roadiwHi  is  aliHoluiely  unbroken  and 

IbuB  ia  avoided  much  of  the  danger  of  a  bad  wreck  owing  to  a 

'    possible  derailment.    The  device  consists  essentially  of  overlay- 

t    ing  tiie  ties  (both  inside  and  outside  the  mils)  with  a  Eurface  on 
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idiich  cattle  will  Dot  nalk.    The  multitudinous  designB  for  suoh 
S  surface  are  variously  effective  in  this  respect.    Aa  objection, 


Fia.  108. — BammMLa  CuTLB-aDABBL   • 
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which  is  often  urged  indiacriminately  ^;ainat  alt  Buch  d 
the  liability  that  a  brake-chain  which  may  happen  to  be  dig- 
ging may  catch  in  the  rough  bars  which  are  usad.     The  bsn' 
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are  sometimes  "  home-made,"  of  wood,  as  shown  in  Fig.  107. 
Steel  guards  may  be  made  as  shown  in  Fig.  108.     The  general 
construction  is  the  same  as  for  the  wooden  bars.     The  metal 
bars  have  far  greater  durability,  and  it  is  claimed  that  they  are 
more  effective  in  discouraging  cattle  from  attempting  to  cross. 
I      229.  Cattle-passes.     Frequently  when  a  railroad  crosses  a 
farm  on  an  embankment,  cutting  the  farm  into  two  parts,  the 
railroad  company  is  obliged  to  agree  to  make  a  passageway 
through  the  embankment  sufficient  for  the  passage  of  cattle  and 
I>erhaps  even  farm-wagons.     If  the  embankment  is  high  enough 
so  that  a  stone  arch  is  practicable,  the  initial  cost  is  the  only 
great  objection  to  such  a  construction ;  but  if  an  open  wooden 
structure  is  necessary,  all  the  objections  against  the  old-fashioned 
cattle-guards  apply  with  equal  force  here.     The  avoidance  of  a 
grade  crossing  which  would  otherwise  be  necessary  is  one  of  the 
great  compensations  for  the  expense  of  the  construction  and 
maintenance  of  these  structures.     The  construction  is  some- 
times made  by  placing  two  pile  trestle  bents  about  6  to  8  feet 
apart,  supporting  the  rails  by  stringers  in  the  usual  way,  the 
8p>ecial  feature  of  this  construction  being  that  the  embankments 
are  filled  in  behind  the  trestle  bents,  and  the  thrust  of  the  em- 
bankments is  mutually  taken  up  through  the  stringers,  which 
are  notched  at  the  ends  or  otherwise  constructed  so  that  they 
may  take  up  such  a  thrust.     The  designs  for  old-rail  culverts 
and  arch  culverts  are  also  utilized  for  cattle-passes  when  suitable 
and  convenient,  as  well  as  the  designs  illustrated  in  the  follo^ving 
section,  and  the  reinforced  concrete  design  of  §  225. 

230.  Standard  stringer  and  I-beam  bridges.    The  advantages 
of  standard  designs  apply  even  to  the  covering  of  short  spans 
with  wooden  stringers  or  with  I  beams — especially  since  the 
methods  do  not  require  much  vertical  space  between  the  raila 
and  the  upper  side  of  the  clear  opening,  a  feature  which  is  often 
of  prime  importance.     These  designs  are  chiefly  used  for  cul- 
verts or  cattle-passes  and  for  crossing  over  highways — providing 
Buch  a  narrow  opening  would  be  tolerated.     The  plans  all  imply 
Btone  abutments,  or  at  least  abutments  of  sufficient  stability  to 
withstand  all  thrust  of  the  embankments.     Some  of  the  designs 
are  illustrated  in  Plate  V.     The  preparation  of  these  standard 
designs  should  be  attacked  by  the  same  general  methods  as 
already   illustrated  in   §  190.     When   computing  the  required 
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CHAPTER  Vn. 

BALLAST. 

Purpose  and  requirements.  ''  The  object  of  the  ballast 
r^^er  th^  appU^d  lopjd  over  a  largq  surface;  to  held  the 
'  work  Ui  plac^  horizv/ntallyi  to  carry  off  the  rain*^i»ter 
he  superstructure  and  to  prevent  freezing  up  in  winter; 
ird  means  pf  keeping  the  ties  truly  up  to  the  grade  line; 
)  give  elasticity  to  the  roadbed."  This  extremely  conr 
I  statement  is  a  description  of  an  ideally  perfect  ballast, 
^ue  of  any  given  kind  of  ballast  is  proportional  to  the 

to  whipl^  it  fulfills  these  requirements.  The  ideally 
!i  baU^  is  ppt  necessarily  the  most  economical  ballast 
roads.  Light  traffic  generally  justifies  something  cheapeF, 
very  cpnuQpii  ^jrov  is  to  use  a  very  cheap  ballast  when  a 
additional  esqf^nditure  would  procure  a  nmch  better 
,,  which  would  be  much  more  eoQWrmeal  in  the  long  run. 

Material^.    'P^  materials  most-  commonly  employed  are 

and  broken  stone.     In   many  sections   of   the  country 

mat^ri^ls  which  more  pr  less  perfectly  fulfill  the  tequire- 

as  given  a}x)ye,  are  used,     ^he  various  materials  includ- 

ne  of  these  special  types  have  been  defined  by  the  American 

%Y  Exigmeering  Association  as  follows: 

DEFINITIONS. 

ast.  Selected  material  placed  on  the  rpadbed  for  the 
se  of  hpldiug  the  track  in  line  and  surface. 
^ballast.  Auy  material  of  a  character  superior  to  that 
adjacent  cuts,  which  is  spread  on  the  finished  sub-grade 
}  roadbed  apd  bejow  the  top  ballast,  to  provide  better 
ge,  prevent,  upheaval  by  frost,  and  better  distribute  the 
ver  t^e  rpadbed.  -  . 

-ballast.  Any  material  of  a  superior  character  spread 
,  ^brballast  tp  support  the  track  structiire,  distribute  the 
>  tl^  suVbf^l^st,  and  proyide  gPod  in|tial  drainage. 

265 
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stone  ballast.  Stone  broken  by  artificial  means  into  small 
fragments  of  specified  sizes. 

Burnt  clay.  A  clay  or  gumbo  which  has  been  burned  into 
material  for  ballast. 

Chats.  Tailings  from  mills  in  which  zinc,  lead,  silver  and 
other  ores  are  separated  from  the  rocks  in  which  they  occur. 

Chert.  An  impure  flint  or  homstone  occurring  in  natural 
deposits. 

Cinders.  The  residue  from  the  coal  used  in  locomotives  and 
other  furnaces. 

Gravel.  Worn  fragments  of  rock,  occurring  in  natural  dft* 
posits,  that  will  pass  through  a  2|-inch  ring  and  be  retaiued 
upon  a  No.  10  screen. 

Gumbo.  A  term  commonly  used  for  a  peculiarly  tenadouB 
clay,  containing  no  sand. 

Sand.  Any  hard,  granular,  comminuted  rock  which  will  pa0 
through  a  No.  10  screen  and  be  retained  upon  a  No.  50  screen. 

Slag.  The  waste  product,  in  a  more  or  less  vitrified  fotin^ 
of  furnaces  for  reduction  of  ore.  Usually  the  product  of  a  Uastp 
furnace. 

There  is  still  another  classification  which  may  or  may  not  be 
considered  as  ballast.  It  is  perhaps  hardly  correct  to  speak  d 
the  natural  soils  as  ballast,  yet  many  miles  of  cheap  raihnqfi 
are  *^  ballasted  "  with  the  natural  soil,  which  is  then  called  Mud 
ballast. 

Broken  or  crushed  stone.  Rock  ballast  is  specified  to  be  tbst 
which  will  all  pass  in  any  position  through  a  2i-inch  ring,  but 
which  cannot .  pass  through  a  |-inch  mesh.  It  is  most  easily 
handled  with  forks.  This  method  also  has  the  advantage  that 
when  it  is  being  rchandlcd  the  fine  chips  which  woidd  interfcn 
With  effectual  drainage  will  be  screened  out.  Rock  ballast  is  TOfOn 
expensive  in  first  cost  and  is  also  more  troublesome  to  handlfl^ 
but  in  heavy  traffic  especially,  the  track  will  be  kept  in  befcttf  |^ 
smface  and  will  require  less  work  for  maintenance  after  the  tin 
have  become  thoroughly  bedded.  .  || 

Btunt  clay.  This  material  has  been  used  in  many  aeetuni 
of  the  comitry  where  broken  stone  or  gravel  are  unobtaumfab 
except  at  a  prohibitive  cost,  and  where  a  suitable  quality  of 
clay  is  readily  obtained.  This  clay  should  be  of  "gundw" 
variety  and  contain  no  gravel.  It  is  sometimes  burnt  in  a  kihi 
or  it  is  sometimes  burnt  by  piling  the  clay  in  long  hmpa  ant 
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a  mass  of  fuel,  the  pile  being  formed  in  such  a  way  that  a  tem- 
porary but  effectual  kiln  is  made.  It  is  necessary  that  a  clear, 
clean  fuel  shall  be  used  and  that  the  firing  shall  be  done  by  a 
man  who  is  experienced  in  maintaining  such  a  fire  until  the 
burning  is  completed.  Such  ballast  may  be  burned  very  hard 
and  it  will  last  from  four  to  six  years.  The  cost  of  burning 
varies  from  30  to  60  cents  per  cubic  yard,  according  to  the 
circumstances. 

Chats.  This  is  a  form  of  ballast  which  is  peculiar  to  South- 
western Missouri  and  Southeastern  Kansas.  When  this  mate- 
rial was  first  used  it  was  obtained  from  the  refuse  piles  of  the 
mills  which  treated  the  zinc  and  lead  ores  mined  in  those  regions. 
With  the  processes  then  employed  the  material  was  obtained 
in  limips  as  large  as  broken  stone,  and  they  were  considered  to 
be  as  valuable  as  broken  stone  for  ballast.  Improvements  in 
the -processes  of  treating  the  ores  have  resulted  in  making  this 
by-product  very  much  smaller  grained  and  of  less  value  as  bal- 
last, although  it  is  still  considered  a  desirable  form  of  ballast 
where  it  may  readily  be  obtained.  It  should  be  noted  that  it 
is  classed  with  gravel  and  cinders  in  the  forms  of  cross-section 
shown  later. 

Chert.  This  is  a  form  of  flint  or  hoirnstone  which  occurs  in 
nodules  of  a  size  that  is  suitable  for  ballast,  and  is  a  very  good 
type  of  ballast  wherever  it  is  found,  but  its  occurrence  is  com- 
paratively infrequent.  It  is  classed  with  cemented  gravel  in 
the  design  of  crosSHsections  of  ballast. 

Cinders.  This  is  one  of  the  most  universal  forms  of  ballast, 
since  it  is  a  by-product  of  every  road  which  uses  coal  as  fuel. 
The  advantages  consist  in  the  fairly  good  drainage,  the  ease  of 
handling  and  the  cheapness — after  the  road  is  in  operation. 
One  of  the  greatest  disadvantages  is  the  fact  that  the  cinders 
are  readUy  reduced  to  dust,  whioh  in  dry  weather  becomes  very 
objectionable.  Cinders  are  usually  considered  preferable  to 
=-     gravel  in  yards. 

I         GraveL    This  is  one  of  the  most  common  forms  of  good  bal- 

2^     last.     There  are  comparatively  few  railroads  which  cannot  find, 

:^*     at  some  place  along  their  line,  a  gravel  pit  which  will  afford  a 

*     suitable  supply  of  gravel  for  ballast.    Sometimes  it  is  used  just 

:  ^    as  foimd  in  the  pit,  but  for  Class  A  and  even  Class  B  roads  it  is 

usually  necessary  to  screen  it.    See  §  238a  for  specifications. 

Sand.    Railroads  which  run  along  the  coast  are  frequently 
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balksted  liierely  with  the  Sand  obtained  in  the  immediate  nei^- 
borhood.  One  great  advantage  lies  in  thb  almost  perfedt  drain- 
age Which  is  obtained. 

Slag.  When  slag  is  readily  obtainable  it  furnisbcis  a<i  exo^ 
lent  ballast  whixjh  is  free  from  dust  and;. perfect  in  dntimnS 
qualities.  Slag  is  classified  with  crushed  rdck  ib  the  trbw. 
sections  shown  below,  but  it  should  be  noted  that  -tilia  &DJ^ 
applies 'to  the  best  qualities  of  slag,  since  its  quality  is  quila 
variable^  /»;:    , 

Mud  ballast*  When  the  natural  soil  is  graVdOly  so  thainiv 
will  drain  through  it  quickly,  it  will  make  ft  fair  r^iadbed  iiff 
light  trafiic»  but  for  heavy  traffiCi  and  for  the  greater  part  of 
the  length  of  most  roads,  the  natural  soil  k  a  yeary  poor  matttri^ 
for  ballast;  for,  no  matter  how  suitable  Hie  soilmfght  bo  akHqg 
limited  sections  of  the  road,  it  would  practically  never -hai^MQ 
that  the  soil  would  be  uniformly  good  throu^out  the  .fiMi 
length  of  the  road.  Considering  that  a  heavy  raip  will  In  on^ 
day  spoil  the  results  of  weeks  of  patient  '*suifainng"  vdlb  n^ 
ballast,  it  is  8eld:)m  economical  to  use  ''mud"  \i  ihera.ip  • 
gravel-bed  or  other  source  of  ballast  anywhere  on  the  lliiB  of 
the  road.  .  vi  ;■ 

233.  Cross-sectiona.  The  required  depth  of  the  crosBHmttkm 
to  the  sub-sojl  depends  largely  on  the  weight  '.cf .  tlw  rdUing 
stock  which  is  to  pacs  over  the  track.  A  careful  ezamlipK^s^ 
cf  a  roadbed  to  determine  the  changes  which  take  plane  ifiodflf 
ths  tiea  and  also  an  examination  of  the  track  and  tiee  dprsPB 
the  passage  of  a  heavy  train  shows  that  the  heavy  loads  wliidi 
are  now  common  on  railroad  tracks  force. the  tie  ii^to  the.  bal- 
last with  the  passage  of  every  wheel  load.  The  effect  fon  jtttt 
ballast  is  a  greater  or  less  amount  of  cnishing.of  .the  bvUaib 
Even  the  very  hardest  grades  of  1:»x)ken  stone  are  mpilB  DP  1^ 
crushed  by  grinding  against  eaph  other  during  the  paasfiga  .of,.! 
train;  The  softer  and  weaker  forms  of  ballast  are  grouad  ^ 
much  more  quickly.  One  residt  is  the  formation  of.  a  fine  d)isl 
which  interferes  with  the  proper  drainage  of  water  thipiig^  tha 
fballast.  A  second  result  is  the  compression  of  the  ballael'imiie^ 
diatcly  under  the  tie  into  the  sub-soil.  In  a  compaxa^ve(| 
short  time  a  hole  is  formed  under  the  tie  which  acts  .vMufK^ 
like  a  pump.  With  every  rise  and  fall  of  the  tie  under  mA 
wheel  load,  the  tie  actually  pumps  the  water  from  the  ourrau^ 
ing  ballast  and  sub-soil  into  these  various  holes.    When,  tfat 
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ballast  is  of  such  a  character  that  the  water  does  not  drain 
through  it  easil^)  the  water  will  settle  in  these  holes  long  enough 
to  serioudy  deteriorate  the  ties%  When  the  track  becomes  so 
itAich  out  of  line  Or  level,  or  so  loose  that  it  needs  to  be  tamped 
up,  the  process  of  tamping  has  practically  the  effect  of  dei^)eQ^ 
ing  this  MSKHiiit  of  ballast  immediately  under  the  tie^  while  tho 
sub-soil  is  forced  up  between  the  ties.  A  longitudinal  section 
of  the  8Ub-floil  of  a  trai^  which  has  been  frequently  tamped 
g^iMally  has  a  saw-tooth  at^pearance,  and  the  8ul>soil,  instead 
of  being  a  uniform  line,  has  a  high  spot  between  each  tie,  while 
the  ballast  is  considerably  below  its  normal  level  immediately 
under  the  tie. 

234.  Classification  of  Itailroads.  The  American  Railway  En- 
gineering Association  has  divided  railroads  into  three  classes 
with  respeot  to  the  standards  of  construction  which  should  be 
adopted  for  ballasting,  as  well  as  other  details  of  construction. 
The  three  classes  are  as  follows  (quoted  from  the  Association 
Manuid}! 

*^ Class  'A'  shall  include  all  districts  of  a  railway  having  more 
than  one  mam  track)  or  those  districts  of  a  railway  having  a 
single  main  track  with  a  traffic  that  equals  or  exceeds  the  follow- 
ing: 

Freight-car  mileage  passing  over  districts  per  year  per 

mile 160000 

or, 
PaaSenger-oar  mileage  per  aimum  per  mile  of  district. . .       10000 

with  masdmum  speed  of  passenger-trains  of  50  miles  per  hour. 

"Class  'B'  shall  include  all  districts  of  a  railway  having  a 
single  mftin  track  with  a  traffic  that  is  less  than  the  minimum 
prescribed  for  Class  'A'  and  that  equals  or  exceeds  the  following: 

Frei^t-oar  mileage  passing  over  districts  per  year  per 

mile 50000 

or, 
Paaaeiiger-car  mileage  per  annum  per  mile  of  district. . .        5000 

witfi  TnAximtim  speed  of  passenger-trains  of  40  miles  per  hour.     ' 
"Class  *C'  shall  include  all  districts  of  a  railway  not  meeting 

the  traffic  reciuirements  of  Classes  *A'  or  *B.'  " 
Tlie   classification  was   adopted   on   the   consideration   that 

QuaHly  of  traffic  as  well  as  mere  tonnage  should  determine 
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the  classification  of  a  railroad.  For  example,  it  is  ooncudered 
that  a  road  which  operates  a  train  at  a  speed  of  50  miles  an 
hour  should  adopt  the  first  class  or  Class  ''  A ''  standards,  evesi 
though  there  is  but  one  train  per  day  on  that  railroad.  It 
likewise  means  that  any  road  whose  traffic  makes  necessary  the 
construction  of  a  regular  double  track  should  adopt  the  first 
class  specifications. 

235.  Recommended  sections  for  the  several  daaiiflcations. 
In  Fig.  110  are  shown  a  series  of  cross-sections  which  were 
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F19.  110. — Cross-sections  of  Ballast  for   Class  "A"  Roajm. 


recommended  by  the  A.  R.  E.  A.  for  Class  "  A  "  traffic  It 
shouUl  be  notice<l  that  in  each  case  the  crossHsection  of  the 
roadbiul  from  shoulder  to  shoulder  of  the  roadbed  is  22'  3" 
plus  the  space  between  track  centers  for  dou))le  track  if  any. 
The  width  of  side  ditches  is  merely  added  to  that  of  the  roadbed. 
Tlie  clear  thickness  of  the  ballast  underneath  the  ties  is  made 
24  inches.  The  slope  of  \  inch  to  the  foot  from,  the  center  of 
the  track  to  the  end  of  the  tie,  which  is  common  to'^Il  the  croflft- 
sectiorLs,  is  designed  with  the  idea  of  allowing  a  cloar  space  of 
1  inch  underneath  the  rail.    The  ballast  is  then  Aninded  off 
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on  a  curve  of  4  feet  radius  and  finally  reaches  the  subsoil  on  a 
slope  which  is  2  :  1. 

In  Fig.  Ill  are  shown  a  series  of  cross-sections  for  various 
classes  of  ballast  for  railroads  that  belong  to  Class  "  B."    It 
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CEMENTING  GRAVEL  AND  CHERT. 
FiQ.  111. — Crobs-bections  of  Ballast  fob  Class  "B"  Roads. 

may  be  noted  that  the  thickness  of  the  ballast  under  the  tie 
is  9  inches  for  this  class.  The  width  of  roadbed  between  the 
shoulders,  recommended  for  Class  "  B  "  is  16  feet.  As  before, 
the  width  of  the  ditches  is  supposed  to  be  added  to  this  width. 
It  should  be  noted  that  when  using  cementing  gravel  and  chert 
the  slope  of  3  :  1  is  made  to  begin  at  the  bottom  of  the  tie  in- 
stead of  at  a  point  about  2  inches  below  the  top  of  the  tie. 
This  is  done  in  order  to  prevent  water  from  accumulating 
around  the  end  of  the  tie  in  a  material  which  is  less  permeable 
than  the  ctlier  forms  of  ballast. 
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In  Fig.  112  are  shown  two  crossheections  for  ballast  for  roads 
belonging  to  Class  *'  C."  On  roads  of  this  class  it  is  assumed 
that  crushed  rock  will  not  be  used  for  ballast.  The  width  of 
roadbed  between  shoulders  is  14  feet,  while  the  depth  of  ballaat 
underneath  the  tie  is  6  inches. 

It  should  be  noticed  that  the  above  sections  issued  by  the 
association  do  not  include  any  cross-section  which  is  recom- 
mended when  no  special  ballast  is  used  other  than  the  natural 
soil.  In  such  a  case  a  cross-section  very  similar  to  the  sec- 
tions shown  for  cementing  gravel  and  chert  should  be  used.    Hie 
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CEMENTING  GRAVEL  AND  CHERT. 
Fia.  112. — Cross-sections  of  Ballast  for  ClaM  "C*  Roads. 

essential  feature  of  such  a  section  is  that  the  soil,  which  is 
I)r()bably  not  readily  permeable,  should  be  kept  away  from 
the  ends  of  the  tics.  Specifications  for  the  placing  of  mud  bat 
lost,  as  well  as  other  forms  of  ballast,  have  frequently  Bpeeified 
that  the  ballast  should  be  cro^Tied  about  1  inch  above  tl|e  levd 
of  the  tops  of  the  tics  in  the  center  of  the  track.  This  featun 
of  any  cross-section,  although  proposed,  was  rejected  hy  tbs 
association,  in  spite  of  the  fact  that  when  a  tie  is  so  imbf^kM 
it  certainly  will  have  a  somewhat  greater  holding  power  in  the 
ballast. 

236.  Proper  depth  of  ballast.    The  depth  of  haUaal  is  offidany 
defined  by  the  A.  11.  E.  A.  as  ''  the  distance  from  the  bottom  it 
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the  tie  to  the  top  of  the  Bubgrade."  In  the  recommended  sec- 
tions (Figs.  110  to  112)  the  depth  shown  varies  from  6  inches 
to  24  inches.  But  the  Ballast  Committee  reported  in  1915  as 
a  recommended  conclusion  that  ^'  From  the  data  available,  it 
is  concluded  that  with  ties  7  in.  by  9  in.  by  8 J  ft.,  spaced  approx- 
imately 24  in.  to  25.5  ins.,  center  to  center,  a  depth  of  24  inches 
of  stone  ballast  is  necessary  to  produce  uniform  pressure  on  the 
subgrade,  and  a  combination  of  a  lower  layer  of  gravel  or  cinder 
ballast,  18  inches  to  14  inches,  and  an  upper  layer  of  stone  ballaat, 
6  inches  to  10  inches,  approximately  24  inches  deep  in  the  aggre^ 
gate,  with  the  same  spacing  of  the  ties,  will  produce  nearly  the 
same  results."  New  sections  for  Class  "  A  "  roads  which  would 
conform  with  the  above  were  also  recommended.  The  sections 
shown  in  Fig.  110,  which  are  similar  to  those  recommended 
in  1915,  were  adopted  in  1921.  The  investigations  of  the 
Conmiittee  on  Track  Stresses  (see  Chap.  XXV)  have  shown 
why  deep  ballast  is  necessary,  but  the  economy  of  using  a 
second-grade  ballast  as  sub-ballast  is  possible.  As  previously 
stated,  old  track  generally  has  a  depth  of  ballast  under  the 
tie  which  is  greater  than  the  2  feet  recommended — often  3  or  4 
feet. 

337*  Methods  of  laying  ballast.  The  cheapest  method  of  lay- 
ing ballast  on  new  roads  is  to  lay  ties  and  rails  directly  on  the 
prepared  subgrade  and  run  a  construction  train  over  the  track 
to  distribute  the  ballast.  Then  the  track  is  lifted  up  until 
sufficient  ballast  is  worked  under  the  ties  and  the  track  is  prop- 
erly surfaced.  This  method,  although  cheap,  is  apt  to  injure 
the  rails  by  causing  bends  and  kinks,  due  to  the  passage  of 
loaded  construction  trains  when  the  ties  are  very  unevenly  and 
roughly  supported,  and  the  method  is  therefore  condemned  and 
prohibited  in  some  specifications.  The  best  method  is  to  draw 
in  carts  (or  on  a  contractor's  temporary  track)  the  ballast  that 
is  required  under  the  level  of  the  bottom  of  the  ties.  Spread 
this  ballaat  carefully  to  the  required  surface.  Then  lay  the  ties 
fuid  rails,  which  will  then  have  a  very  fair  surface  and  uniform 
support.  A  construction  train  can  then  be  run  on  the  rails 
lOid  distribute  sufficient  additional  ballast  to  pack  around  and 
between  the  ties  and  make  the  required  cross-section. 

The  necessity  for  constructing  some  lines  at  an  absolute 
ypif>Tyn^Tn  of  Qoat  and  of  opening  them  for  traffic  as  soon  as 
paNHble  im  often  led  to  the  policy  of  starting  traffic  when  there 
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is  little  or  no  ballast — perhaps  nothing  more  than  a  mere 
tamping  of  the  natural  soil  imder  the  ties.  When  this  is  done 
ballast  may  subsequently  be  drawn  where  required  by  the  train- 
load  on  flat  cars  and  unloaded  at  a  minimum  of  cost  by  means 
of  a  "  plough."  The  plough  has  the  same  width  as  the  can 
and  is  guided  either  by  a  ridge  along  the  center  of  each  car  or  by 
short  posts  set  up  at  the  sides  of  the  cars.  It  is  drawn  from  one 
end  of  the  train  to  the  other  by  means  of  a  cable.  The  cable  is 
sometimes  operated  by  means  of  a  small  hoisting-engine  carried 
on  a  car  at  one  end  of  the  train.  Sometimes  the  locomotive  is 
detached  temporarily  from  the  train  and  is  run  ahead  with  the 
cable  attached  to  it. 

238.  Cost.  The  cost  of  ballast  in  the  track  is  quite  a  variable 
item  for  different  roads,  since  it  depends  (a)  on  the  first  cost  of 
the  material  as  it  comes  to  the  road,  (h)  on  the  distance  from 
the  source  of  supply  to  the  place  where  it  is  used,  and  (c)  on 
the  method  of  handling.  The  first  cost  of  cinder  or  slag  IB 
frequently  insignificant.  A  gravel-pit  may  cost  nothing  except 
the  price  of  a  little  additional  land  beyond  the  usual  limits  of 
the  right  of  way.  Broken  stone  will  usually  cost  $1  or  more 
per  cubic  yard.  If  suitable  stone  is  obtainable  on  the  com- 
pany's land,  the  cost  of  blasting  and  breaking  should  be  some- 
what less  than  this.  The  cost  of  hauling  will  depend  on  the 
distance  hauled,  and  also,  to  a  considerable  extent,  on  the  limi- 
tations on  the  operation  of  the  train  due  to  the  necessity  of  kef^ 
ing  out  of  the  way  of  regular  trains.  There  is  often  a  needksB 
waste  in  this  way.  The  ^'  mud  train  "  is  considered  a  pariah 
and  entitled  to  no  rights  whatever,  regardless  of  the  large  daily 
cost  of  such  a  train  and  of  the  necessiiry  gang  of  men.  "  Hie 
cost  of  broken-stone  ballast  in  tfw  track  is  estimated  at  $1.25  per 
cubi(>  yard.  The  cost  of  gravel  ballast  is  estimated  at  60  e. 
per  cubic  yard  in  the  track.  The  cost  of  placing  and  tamping 
gravel  ballast  is  estimated  at  20  c.  to  24  c.  per  cubic  yard,  for 
cinders  12  c.  to  15  c.  per  cubic  yard.  The  cost  of  Irwiimg 
gravel  on  cars,  using  a  steam-shovel,  is  estimated  at  6  c.  to  10  e. 
per  cubic  yard." — Report  lloadmasters'  Association,  1885. 

238a.  Specifications.  (Condensed  from  Am.  Rwy.  "Eog^ 
Assoc.  Manual,  1915.)  Broken  stone  ballast  To  be  aeleoted 
on  the  basis  of  maximum  (or  minimum)  figures  for  the  following 
qualities:  (a)  weight  per  cubic  foot,  maximum;  (6)  mtar 
absori)tion  in  pounds  i)cr  cubic  foot,  minimum;   (c)  per  cent  of 
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wear,  minimum;  (d)  hardness,  maximum;  (e)  toughness,  maxi- 
mum; (/)  cementing  value,  minimum;  (g)  compression  test^ 
maximum.  Gravel  ballast.  For  Class  A  railways:  Bank 
gravel  which  contains  more  than  two  (2)  per  cent  dust  or  forty 
(40)  per  cent  sand  should  be  washed  or  screened.  Washed 
or  screened  gravel  should  contain  not  less  than  twenty-five 
(25)  per  cent  nor  more  than  thirty-five  (35)  per  cent  sand. 
For  Class  B  railways:  Bank  gravel  which  contains  more 
than  three  (3)  per  cent  dust  or  sixty  (60)  per  cent  sand  should 
be  screened  or  washed.  Washed  or  screened  gravel  should  not 
contain  less  than  twenty-five  (25)  per  cent  nor  more  than  fifty 
(50)  per  cent  sand.  For  Class  C  railways.  Any  material  which 
makes  better  track  thd.n  the  natural  roadbed  may  be  econom- 
ically used. 

Testing  gravel  for  ballast.  Obtain  five  samples,  each  about 
one  cubic  foot,  from  various  parts  of  the  pit;  mix  thoroughly; 
make  up  a  sample  of  about  one  cubic  foot  from  the  mixture. 
Sift  through  a  screen,  10  meshes  per  linear  inch,  made  of  No.  24 
B.  &  S.  wire;  the  residue  is  the  "  gravel,"  G.  Sift  the  remainder 
through  a  screen,  50  meshes  per  linear  inch,  made  of  No.  31 
B.  &  S.  wire;  the  residue  is  the  "  sand,"  S.  That  which  passed 
through  the  screen  is  "  dust,"  D.  The  percentage  of  sand,  for 
example,  equals  <S-^((7^-*S^-I>). 


CHAPTER  Vm. 

TIES. 
AND  OTHER  FORMS  OF  RAIL  SUPPORT. 

a^o*  Various  methods  of  supporting  rails.  It  is  neceasaiy 
that  the  rails  shall  be  sufficiently  supported  and  braced,  so  that 
the  gauge  shall  be  kept  constant  and  that  the  rails  shall  not  be 
subjected  to  excessive  transverse  stress.  It  is  also  preferable 
that  the  rail  support  shall  be  neither  rigid  (as  if  on  solid  rock) 
nor  too  yielding,  but  shall  have  a  uniform  elasticity  throughout. 
These  requirements  are  more  or  less  fulfilled  by  the  following 
methods. 

(a)  Longitudinals.  The  fundamental  idea  is  to  have 
tinous  support  for  the  rail  rather  than  to  have  it  act  as  a 
tinuous  girder  with  muncrous  supporting  points — ihe  ties.  Li 
§  264  will  be  described  a  system  of  rails,  used  to  some  ezteat 
in  Europe,  having  such  broad  bases  that  they  are  self-supporting 
on  the  ballast  and  are  only  connected  by  tie-rods  to  ^^^'^Wtftm 
the  gauge. 

(b)  Cast-iron  "bowls"  or  "pots."  These  are  castings  resem- 
bling large  inverted  bowls  or  pots,  having  suitable  chairs  on 
top  for  holding  and  supporting  the  rails,  and  tied  together  with 
tie-rods.     They  will  be  described  more  fully  later  (|  263). 

(c)  Cros&-ties  of  metal  or  wood.  These  will  be  discussed  in 
the  following  sections. 

240.  Economics  of  ties.  The  true  cost  of  ties  depends  on  the 
relative  total  cost  of  maintenance  for  long  periods  of  time.-  The 
first  cost  of  the  ties  delivered  to  the  road  is  but  one  item  in  the 
economics  of  the  question.  Cheap  ties  require  frequent  renew- 
als, which  cost  for  the  labor  of  each  renewal  practically  the 
same  whether  the  tie  is  of  oak  or  of  hemlock.  Cheap  ties  make 
a  poor  roadbed  whicli  will  rcquiro  more  track  labor  to  keep  even 
in  tolerable  condition.  TIm^  roadbed  will  require  to  be  disturbed 
so  frequently  on  account  of  renewals  that  the  ties  never  get  aa 
opportunity  to  get  settled  and  to  form  a  smooth  roadbed  for  any 
length  of  time.  Irregularity  in  width,  thickness,  or  length  of 
ties  is  especially  detrimental  in  causing  the  ballast  to  act  and 
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wear  lUeTM^.  Tbe  Mfo  of  ties  has  tkuB  a  mora  or  lew  dii«et 
iafluenoe  on  tbo  life  of  the  raika,  ok  the  veai  of  roltiag  stock,  md 
on  the  speed  of  trains.  These  last  itema  are  not  ao  rewliiy 
reducible  to  dollars  and  cents,  but  when  it  eait  be  shown  thidi 
the  total  cost,  for  a  long  period  of  time,  u(  gevenil  renewals  of 
cheap  ties,  with  aJl  the  extra  track  labor  involved,  IB  as  pwat  te 
or  greater  than  that  of  a  few  renewals  of  durable  ties,  thut  theie 
is  no  question  as  to  the  real  o^onomy.  In  the  following  dis- 
cussions of  the  merits  of  untreated  ties  (cithec  ckeap  or  caaily), 
cheKucatly  treated  ties,  or  metal  ties,  the  true  queation  is  there- 
fore of  the  ultimate  c«st  of  maintaining  any  particular  kiad  ef 
ties  for  an  indrfinite  period,  the  coat  inchidinR  the  first  cost  irf 
the  lies,  the  labor  of  placing  them  and  maintaining  them  to 
surface,  and  the  somewhat  uncertain  (but  not  thcFeioro  bod~ 
existent)  effect  of  frequent  renewals  on  repairs  of  roUing  stodc, 
on  poauble  speed,  ete. 


341.  Ch^M  ot  wood,     lliis  naturally  depends,  for  any  par^e- 

atar  BectitMi  of  country,  on  the  supply  of  wood  which  is  most 

readily  available.     Table  XXII  shows  the  relative  iBe  of  tbe 

chief  rarieties  in  the  U.  S.    Two-thirds  of  the  entire  list  is  wKite 

oak,  red  oak  and  southMB 


pine.     Douglas  fir,  which 
growB  only  in  the  west,  is 
BTAT|!B  IS  1915.  being  transported  to  the 

(BuU.  6W,  D.  a  Dept.  Agric).  east  in  increasingly  large 

quantities  .and  is  displac- 
ing other  woods.  The 
use  of  eastern  tamarack, 
lodge  pole  pine,  western 
larch,  western  yellow  pine, 
and  hemlock  is  almost 
confined  to  the  "  WEBtwa 
region  "  —  west  of  the 
Mississippi  river.  Red- 
wood waft  formerly  uaed 
quite  extenaively  in  tha 
west,  on  account  of  cheap- 
ness and  immunity  from 
decay,   but  the   wood  ia 
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too  soft.  The  use  of  cypress  is  nearly  confined  to  the  west  and 
Bouth,  and  on  the  other  hand  the  use  of  chestnut  is  nearly  cod- 
fined  to  the  "  eastern  region  " — north  of  the  Ohio  and  FotomM 
and  east  of  Chici^. 

On  the  basb  of  88,498,655  ties  for  78.46%  of  the  mileage,  the 
proportionate  total  is  1 12,974,615  ties.  100,000,000  to  126,000,000 
ties  per  year  is  elsewhere  stated  to  be  the  normal  demand. 
This  means  an  annual  average  of  about  290  ties  for  each  mile  of 
track,  including  sidings. 

342.  Durability.  The  durability  of  ties  depends  on  the  di- 
mate;  the  drainaj^  of  the  ballast;  the  volmns,  weight,  aod 
speed  of  the  traffic;  the  curvature,  if  any;  the  use  of  tie-platee; 
the  time  of  year  of  cutting  the  timber;  the  age  of  the  timber 
and  the  degree  of  its  seasoning  before  placing  in  the  track;  the 
nature  of  the  soil  in  which  the  timber  is  grown;  and,  chiefly,  lot 
untreated  ties,  on  the  species  of  wood  employed.  Hie  vari- 
ability in  tJiese  itx^ms  will  account  for  the  discrepancies  in  the 
reports  on  the  life  of  various  woods  used  for  ties.  For  example, 
six  records  of  untreated  white  oak  ties  on  six  different  loadl 
Kave  Hgures  vars^ng  from  3  to  14  years.  Such  a  range  of  valuoi 
is  too  wide  for  practical  utilisation. 

The  variability  in  the  actual  life  of  a  "  group  "  of  ties  of  nom- 
inally the  same  quality  and  placed  in  the  track  at  t^  same  tiuM 


Fia.  112a. — Relatitk    Actdal   Lirs  or  Tibh  or  NoMhIallt  Umroui 


is  shown  in  a  study  *  made  by  the  Forest  Products  ItitatalUxj, 
U.  S.  Forest  i^rvicc.  Records  show  that  there  will  be,  in  geimal, 
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no  replacements  until  after  about  30%  of  the  average  life  of  the 
whole  group.  Then  the  replacements  will  conmience  and  grow 
more  frequent  until  at  the  time  of  the  average  life  of  the  whole 
group,  about  60%  will  have  been  replaced.  After  a  time  equal 
to  120%  of  the  average  life,  about  90%  of  the  ties  will  have  been 
replaced,  but  a  few  of  the  remainder  may  stay  in  the  track 
until  nearly  or  quite  200%  of  the  average  life.  The  law  is  based 
on  the  records  of  43  groups  of  ties  comprising  42936  ties,  or  an 
average  of  about  1000  ties  per  group.  The  law  is  substantially 
true  whether  applied  to  short-lived  untreated  ties  or  to  long- 
lived  treated  ties.  The  law  may  even  be  considered  as  suffici- 
ently established  so  that  when  10%  of  a  "  group  "  of  ties  have 
been  removed  from  a  track,  the  time  already  elapsed  may  be 
considered  as  approximately  70%  of  the  average  life  of  the 
entire  group,  and  the  probable  life  of  the  remaining  90%  of 
ties  may  be  estimated  accordingly. 

Some  of  the  softer  woods  used  for  ties,  such  as  cedar  and 
redwoodf  resist  decay  very  well,  but  are  so  soft  that  they  are 
badly  cut  by  the  rail-flanges  and  do  not  hold  the  spikes  very 
well,  necessitating  frequent  respiking.  Since  the  spikes  must 
be  driven  within  certain  very  limited  areas  on  the  face  of  each, 
tie,  it  does  not  require  many  spike  holes  to  "  spike-kill  ""t^e  tie. 
On  sharp  curves,  especially  with  heavy  traffic,  the  wheel-flange 
pressure  produces  a  side  pressure  on  the  rail  tending  to  over- 
turn it,  which  tendency  is  resisted  by  the  spike,  aided  some- 
times by  rail-braces.  Whenever  the  pressure  becomes  too  great 
the  spike  will  yield  somewhat  and  will  be  slightly  withdrawn. 
The  resistance  is  then  somewhat  less  and  the  spike  is  soon  so 
loose  that  it  must  be  redriven  in  a  new  hole.  If  this  occurs 
very  often,  the  tie  may  need  to  be  replaced  long  before  any  decay 
has  set  in. 

243.  Dimensions.  The  usual  dimensions  for  the  best  roads 
(standard  gauge)  are  8'  to  9'  long,  6"  to  7"  thick,  and  8"  to 
10"  wide  on  top  and  bottom  if  they  are  sawed.  Hewed  ties 
(with  rounded  sides)  shall  have  the  faces  not  less  than  6  inches 
wide,  but  the  cross  sectional  area  must  not  be  less  than  a  sawed 
tie  of  the  same  class.  Narrow  gauge  and  very-light-traffic 
roads  will  reduce  these  dimensions  as  much  as  twenty  per 
cent. 

244.  Spacing.  The  Penna.  R.  R.  standard  spacing  (1921) 
called  for  14,  16,  18  or  20  ties  per  33-foot  rail,  according  to  the 


280  RAILROAD   CONSTRUCTION.  J  245, 

classification  of  track.  The  joints  of  the  two  lines  of  rails  an 
placed  "  staggered  "  rather  than  "  opposite  "  each  other.  The 
joints  are  "  suspended  "  (see  f  282)  on  two  ties  spaced  20"  c.  c. 
There  are  for  each  rail  length  two  spaces  20"  each  and  12,  14, 10 
or  18  spaces  of  29f ",  25f ",  22^",  or  lOj"  each. 

345.  Specifications.  The  specifications  for  ties  are  apt  to 
include  the  items  of  size,  kind  of  wood,  and  method  of  constnio- 
tion,  besides  other  minor  directions  about  time  of  cutting,  sea- 
soning, delivery,  quality  of  timber,  etc. 

(a)  Size.  The  particular  size  or  siees  rel]uired  will  be  some- 
what as  indicated  in  §  243. 

(b)  Kind  of  wood.  When  the  kind  or  kinds  of  wood  art 
specified,  the  most  suitable  kinds  that  are  available  iti  that 
section  of  country  are  usually  requii*ed. 

(c)  Method  of  construction.  It  is  generally  specified  that  the 
ties  shall  be  hewed  on  two  sides;  that  the  two  faces  thus  made 
shall  be  parallel  planes  and  that  the  bark  shall  be  removed.  It 
is  sometimes  required  that  the  ends  shall  be  sawed  off  square; 
that  the  timber  shall  be  cut  in  the  Avinter  (when  the  sap  is  down); 
and  that  the  ties  shall  be  seasoned  for  six  months  These  last 
specifications  arc  not  required  or  lived  up  to  as  much  as  their 
importance  descn'cs.  It  is  sometimes  required  that  the  ties  shall 
be  delivered  on  the  right  of  way,  neatly  piled  in  rows,  the  alter- 
nate rows  at  right  angles,  piled  if  possible  on  ground  not  lower 
than  the  rails  and  at  least  ten  feet  away  from  the  nearest  fail, 
the  lower  row  of  ties  resting  on  two  ties  which  are  themsdras 
supported  so  as  to  be  clear  of  the  ground. 

(d)  Quality  of  timber.  The  usual  specifications  for  Somid 
timber  are  required,  except  that  they  are  not  so  rigid  as  for  a 
b(?tter  class  of  timber  work  The  ties  must  be  sound,  reasoO' 
ably  straight-grained,  and  not  ver>'  crooked — one  teat  being  that 
a  line  joining  the  center  of  one  end  with  the  center  of  the  middle 
shall  not  pass  outside  of  the  other  end.  Splits  or  shakes^  espe* 
cially  if  severe,  should  cause  rejection. 

Specifications  sometimes  require  that  the  ties  shall  be  eat 

from   small   trees,  making 
•yy     :\       \'';A/^-  •[    what   is   known  as   "pals 
'v^- ■]'•..■        ■•'■''?^     ties"    and   definitely 
L::^£: — !  ■'■'  demning   those   which 
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„  ,,  ^        cut    or    split   from   lafRr 

Fia.  113. — Methods  of  curmta  Tibs.    ,        ,  f  .         .  «  «  • 

trunks,    givmg   t^'O    "dab 
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tiee  '*  or  foUr  "  r[UArt^  tiM  "  fdf  each  Qrosd-A^tion,  &6  is  illus- 
trate in  Fig.  113;  EWii  if  pttld  tifes  Are  better,  thi^lr  exclailVe 
use  nleans  the  rapid  destruction  of  forests  tyt  young  trees. 

1461  Regtilaikms  for  kying  &Ad  i-enewtiig  ti^fe.— the  regular 
tions  issued  by  railroad  t;Ofopanies  to  their  track  foreln^n  will 
generally  include  the  following,  in  addition  to  directions  regard" 
ing  dimensions,  dpAdhlg)  and  specifications  given  in  |§  242-246; 
When  hewn  ties  of  somewhat  variable  siBe  are  used,  As  is  fl^ 
quently  the  cade,  the  largest  and  heat  are  to  be  selected  foi-  UH@ 
as  joint  ties.  If  the  upper  linirf ace  of  a  tie  is  found  to  be  WlU^^ed 
(contrary  to  the  usUal  speoifications)  so  that  one  ot  both  rails  dd 
not  got  a  full  bearing  across  the  whole  width  of  the  tie,  it  luubl 
be  adzed  to  a  true  surface  along  its  whole  length  and  not  meitis 
notched  for  a  rail-seat.  When  respiking  is  necessary  and  spikes 
have  been  pulled  out,  the  holes  should  be  immediately  plugged 
with  "Wdodert  spikes,"  wliifch  are  supplied  to  the  foreman  for 
that  e^pfeSrt  pui^Ose,  do  as  to  fill  up  the  holes  aiid  pt^Vent  the 
decay  Which  would  otherwise  take  place  Wheri  the  hole  becOmiiii 
filled  With  tain-wAtef.  Ties  should  always  be  kid  at  tight  dWglegl 
to  the  rails  And  ttCVer  oblitjUely  Minute  regulations  to  preVeht 
pfemAtUi^  ftjectioh  And  hjnewal  of  tidfl  are  frequently  biAde.  It 
is  gehcmlly  reqUittid  that  the  requisitions  fo^  rett^wAls  shAll  l>e 
made  by  the  actual  Coimt  of  the  individual  ties  to  be  fehewcd 
insteAd  of  by  Any  wholcsAle  estimAteS:  It  is  uttwiae  to  have  He?i 
of  Widely  VAriable  sise^  hdrdness,  or  durability  adjacent  to  e^Ach 
othef  Iti  the  ti^k,  for  the  Uniform  ela^rtlcitV^  so  necessary  fot- 
smooth  rldiiiff,  Will  be  unobtAinAble  undcr  those  circumfitAtlces. 

Afte^  A  totufiderAbk  discussion  of  the  two  policies  of  tie 
reneWAte  6^t  long  contbuoUs  stretches  of  track  or  of  single  tie 
reb^wald  Whete  individually  needed,  the  A.  R.  E.  A.  has  decided 
in  fAVOf  bf  isllbgle  tie  renewals^  as  being  most  econotnical  and 
producing  leaflt  track  disturbance. 

i47j  DAtitig  fiiil8i  The6e  are  made  of  iron  or  steel,  galvanised 
with  rilnC.  Th#y  should  be  2!|  inches  long,  |  inch  in  diameter, 
with  |^in«h  head,  Which  ha^  two  figures  y€  l^^h  high,  denoting 
the  yeAfj  Which  are  stamped,  by  depression,  into  the  head. 
They  should  be  drivfeh  into  the  Upper  side  of  all  treated  ties, 
10  inchM  inidde  the  rail,  on  the  line  side  of  the  track.  The  use 
of  lEhiCh  dAteii  giV^  definite  knowledge  of  the  life  of  the  tic  When 
it  is  fCneWed  And  a  means  of  studvins;  the  effectiveness  of  the  tic 
tt'^tmtflt. 
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248.  Cost  of  ties.  When  railroads  can  obtain  ties  cut  by 
farmers  from  woodlands  in  the  immediate  neighorhood,  they 
sometimes  advertise  a  schedule  of  prices  which  they  will  pay, 
the  prices  being  considerably  lower  than  the  prices  demanded 
by  dealers.  Prices  as  low  as  35  c.  were  formerly  paid  directly 
to  tie  cutters  in  tie  growing  sections,  but  increasing  scarcity 
has  raised  the  price.  A  great  railway  paid  $610,713  for  453,000 
ties  in  1920,  an  average  of  $1.31  each.  These  were  of  higher 
grade  than  the  average.  The  following  schedule  shows  pro- 
portionate prices:  white  oak,  $1.39;  heart  pine,  $1.66;  chestnut, 
$1.37;  red  oak,  $1.34;  sap  pine,  $1.19;  maple,  beech  and  birch, 
$1.27. 

PRESERVATIVE   PROCESSES  FOR  WOODEN  TIES. 

249.  General  principles.  Wood  has  a  fibrous  cellular  struc- 
ture, the  cells  being  filled  with  sap  or  air.  The  woody  fiber  is 
but  little  subject  to  decay  unless  the  sap  undergoes  fermentation. 
Preservative  processes  generally  aim  at  removing  as  much  of  the 
water  and  sap  as  possible  and  filling  up  the  pores  of  the  wood 
with  an  antiseptic  compound.  The  most  common  methods 
all  agree  in  this  general  process  and  only  dififer  in  the  method 
employed  to  get  rid  of  the  sap  and  in  the  antiseptic  chemical 
with  which  the  fibers  are  filled.  One  valuable  feature  of  these 
processes  lies  in  the  fact  that  the  softer  cheaper  woods  are  more 
readily  treated  than  are  the  harder  woods  and  from  them  a  tie 
can  be  made  which  will  be  as  durable  as  the  best  (from  the  stand- 
point of  decay),  and,  if  protected  from  mechanical  wear  by  tie- 
plates,  will  have  a  very  long  life.  The  following  woods  may  be 
used  without  preservative  treatment:  White  oak  family,  long- 
leaf  strict  heart  yellow  pine,  cypress,  excepting  the  white  cypress, 
redwood,  white  cedar,  chestnut,  catalpa,  locust,  except  the 
honey  locust,  walnut  and  black  cherry.  The  following  woods 
should  preferably  not  be  used  without  preservative  treatment: 
Red  oak  family,  beech,  elm,  maple,  gum,  loblolly,  short-leaf. 
Western  yellow  pine,  Norway,  North  Carolina  pine  and  other 
sap  pines,  red  fir,  spruce,  hemlock,  and  tamarack.  It  is  better 
to  use  an  excess  of  chemical  rather  than  not  enough.  Ties 
should  be  grouped  before  treatment;  for  example,  green  ties 
should  not  be  mixed  with  seasoned  ties,  since  the  treatment 
should  be  different.    Ties  should  be  air-seasoned  before  being 
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treated.  When  there  is  time  to  air-season  them  at  the  plant 
before  treatment,  tbey  should  be  piled  in  groups  having  the  same 
degree  of  seasoning,  so  that  they  rest  on  seasoned  stringers,  the 
lowest  ties  at  least  6  inches  from  the  ground,  which  should  be 
thoroughly  drained  and  cleared  from  weeds,  high  grass  and 
decaying  matter.  The  ties  should  not  be  allowed  to  over- 
season  or  deteriorate.  Ties  which  show  signs  of  checking  should 
be  secured  with  S-irons  or  bolts  to  prevent  further  checking. 
When  ties  are  to  be  adzed  or  bored  for  the  use  of  tie-plates  or 
screw  spikes,  the  adzing  or  boring  should  be  done  before  chemical 
treatment.  Steam  seasoning,  if  excessive,  weakens  the  wood. 
It  should  therefore  be  limited,  imless  it  is  imperative  to  treat 
green  ties  because  air-seasoned  ties  are  not  obtainable. 

To  do  the  work,  long  cylinders,  which  may  be  opened  at  the 
ends,  are  necessary.  Usually  the  timbers  are  run  in  and  out  on 
iron  carriages  running  on  rails  fastened  to  braces  on  the  inside  of 
the  C3rlinder.  When  the  load  has  been  run  in,  the  ends  of  the 
cylinder  are  fastened  on.  "Hie  water  and  air  in  the  pores  of  the 
wood  are  drawn  out  by  subjecting  the  wood  alternately  to  steam- 
pressure  and  to  the  action  of  a  vacuum-pump.  Live  steam 
should  be  admitted  so  that  a  pressiire  of  20  lbs.  is  produced 
within  30  to  50  minutes.  This  pressure  may  be  maintained  from 
1  to  5  hours,  depending  on  the  condition  of  the  wood,  but  the 
pressure  should  never  exceed  20  lbs.  A  vent  should  be  provided 
to  allow  the  escape  of  air  and  condensed  water.  After  steaming, 
a  vacuima  of  not  less  than  24  inches  of  mercury  at  sea-level  (or 
correspondingly  less  for  higher  altitudes),  shall  be  produced 
and  maintained  for  half  an  hour.  Then,  without  breaking  the 
vacuum,  the  chemical  shall  be  admitted. 

250.  Creosoting.  This  proce^ss  consists  in  impregnating  the 
wood  with  creosote  oil,  a  product  obtained  from  coal-gas  tar 
or  coke  oven  tar  which  shall  be  free  from  any  tar,  including  coal- 
gas  tar,  oil  or  residue  obtained  from  petroleum  or  any  other 
source.  The  pure  creosote  oil  is  strongly  recommended  by  the 
A.R.  E.  A.,  but  they.recognize  that  the  practice  of  using  other  coal 
tar  distillates,  when  the  available  supply  of  creosote  is  inadequate, 
is  firmly  established,  and  have  made  specifications  accordingly. 

It  would  require  about  35  to  50  lbs.  of  creosote  to  completely 
fill  the  pores  of  a  cubic  foot  of  wood.  But  it  would  be  impossible 
to  force  such  an  amoimt  into  the  wood,  nor  is  it  necessary  or 
deniable.    After  one   of   the  vacuum  periods,    the  cylinder  is 
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SUed  Mrith  creoipate  oil  having  a  temperature  ol  not  1q8B  than 
16Q*'  Y'  The  cyliuders  should  be  provided  with  steam  coife  in 
order  to  Qiaiutain  that  temperature  during  ii^^^'^^  ^^6 
pressure  daould  immediately  be  raided  to  75  lb&.  per  square 
inch,  and  then  by  a  gradual  increase  to  a  naaxiuium,  of  175  or 
2fXX  lbs.  or  until  about  6  to  10  lbs.  per  cubic  £oot^  or  about,  SI 
to  35  lbs.  per  tie,  is  absorbed,  thi&  amoimt  being  iodicated  hy 
calculations  based  on  gauge  readings  of  the  oil  in  the  oil  reeervoir, 
taken  before  ai^d  after  the  introduction  aad  withdrawal  oC  tke 
oil  from  the  cylinder.  Owing  to  vanations  in  the^  voluaMi  of 
the  creosote  due  to  change  of  temperature  dunng  tientmaiNt, 
al^o  to  variations  in  the  capacity  volwnte^  o£  the  cyUnder  cine 
to  change  in  temperature  of  the  mtetal,  a»d  sevefal  9A$v 
eauses,  the  determination  of  the  volume  ol  ttie  oil  acAiially 
absorbed  by  the  ties  is  not  sinaple.  £ach  cyli^i^  BftUil  be 
calibrated  by  a  series  of  tests,  since  these  ca^ises  macfi  nwifer 
produce  an  error  of  25%  in  the  nominal  results.  Aa  %  choc^, 
the  ties  on  a  cylinder  tram-car  should  ooeasioaatiy  b&  TTTTJi^tori 
before  aiKl  after  treatment.  Even  this  cheek  wiljt  not  be 
elusive  if  the  ties,  have  been  steam  seasoned,  Biii«» 
seasoning  usually  increa^ies  the  weight  andj  this  iaoreaa^  wudd 
be  credited  as  absorption  of  chemic^. 

:95i.  lIUFaettizing  (chlonde-of-zin/c  process).  Tim  pfoeow  Is 
very  similar  to  the  creosoting  process  e:i^cept  that  the  chientCkl  k 
chloride  of  zinc.  The  chemicajk  is  heated  to  l^O***  F.  hcfbcS'iMaig. 
The  preliminary  treatment  of  the  wood  to  aLtemate  v9«uuBft  and 
pressure  is  not  continued  for  quite  so  long  a  pi^iod  a»  m  tlie 
creosoting  process.  Care  must  be  taken,  iii<  using  this 
that  the  tics  are  of  as  uniform  quality  as  possible,,  fbr 
ties  will  absorb  much  more  zinc-H^hloride  than  iippeaflwod.  fj^  the 
same  time),  and  the  product  will  lack  unifomiaity  uii]bss  tl|»-«Mb- 
soiiing  is  uniform.  The  amount  of  solution  iojieeted:  shiK  he 
equivalent  to  ^  lb-  of  dry  soluble  zifiiC-chloride  pes  cttt>ifi  foot  ftf 
timber.  Th3  solution  shall  be  as  weak  aa  eaa  be  uMd  ^ndi  Slill 
obtain  the  desired  absorption  of  zinc-chlovide,  aad  shftlt  mil  ke 
stronger  than  5%.  li  the  cylinders  are  provided-  ^thi  iitmgi 
coils,  steam  pressure  shall  be  maintained  iii  thsBO-  OOU0  dinmK 
treatment.  One  great  objection  to  bumettised  ties,  is  |{he>  isct 
that  the  cliemical  is  somewhat  easily  washed  oub,  whim  Hm  wind 
again  becomes  subject  to  decay.  Another  objeetiiNii  isi  Ite*  iMt 
thad  when  the  soluitipn  of  ziuc-uhlonide  is  mades^ixiDg  tevW-ftft) 
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the  timber  k  made  very  brittle  and  its  strength  is  reduced. 
The  xeduotion  in  strength  has  he&st  shown  by  tests  to  amount 
to  -J-  to  ^  of  the  ultimate  strength^  and  that  the  elastic  limit 
has  be^k  redueed  by  about  ^. 

a53.  KymuBBtng  (bidiloride-ol-m«rcury  or  cocroaiyeHnibfiiiiate 
]M'oce8&).  This  process  has  be^i  mueh  used,  but  it  is  so  ol^ee^ 
tionable,  on  aocoutat  of  the  chemical  being  such  a  vmilent  poisQa 
that  workmen  are  sickened  by  fumes  arising  from  the  tanka^  that 
it  is  no  longev  included  as  one  of  the  standard  methods. 

at5a>  ^iac^teasui  ^ocess.  The  last  two  methods  described 
(as  well  as  soixia  olhcvs  employing  similar  chemicals)  are  oficB 
to  the  objection  that  stnce  the  wood  is  impregnated  witht  bm 
aqueous  solution,  it  is  habk  to  be  washed  out  very  lapk^y  if  the 
wood  is  phuDed  under  water,^  and  will  even  disappear,  althou^ 
more  slowly,  under  the  action  c^  moisture  and  rain.  Several 
processes,  have  been  proposed  or  patented  to^  prevent  this.  By 
one  ol  these  processes  the  tldnber  is  sueeessiv^y  subjected  to  the 
action  of  chemicals,  each  individually  soluble  in  water,  and  henee 
readily  impregnating  the  tiiaber,.  but  the  cheonieals  when  brmight 
in  contact  lorm  insoluble  compounds  which  cannot  be  washed 
out  of  the  wood-eells.  Aftet  injecting  the  zixie-chlonde,  as 
before  described,,  the  solution  is  run.  off  and  the  ties  drained  for 
15  minutes.  Then  a  2%  solution  of  tainnie  acid,  made  from 
6|  lbs.  of  30'%  extract  el  tanjain  and  liOO  lbs.  of  water  is  run  in 
and  maintained  ait  1Q0>  lbs.  pressure  for  one-hali  hoiu*.  Then 
a  soUutioB:  o€  glue,  made  by  <^ssolving  2.1  lbs.  of  glue  containing 
50%  gelatine  in  100  lbs.  of  water  is  run  in  and  maintained  at 
100  lbs.  pressure  for  one-half  hour.  The  glue  and  tannin  com- 
bine to  form  an  insoluble  lieathery  compound  in  the  cells,  which 
will  prevent  the  zinc-chloride  from  being  washed  out. 

254.  Zmc-Cfeoeote  emtdsibn  process.  The  chemical  is  an  emul- 
sion which  will  leave  in  the  wood  an  equivalent  of  0.4  lb.  of  dry, 
soluble  zino^hloride  £md  from  1.25  to  1.5  lbs.  of  creosote  per  cubic 
foot.  The  zinc-chloride  must  not  be  stronger  than  3.5%.  The 
emulsion  must  be  effectively  mixed  in  a  storage  tank  and  heated 
to  at  least  140**  F.  before  it  enters  the  cylinder,  where  the  pressure 
is  raised  to  100  lbs.  per  square  inch  and  maintained  there  until 
the  required  amount  of  chemical  has  been  absorbed  by  the  wood. 

255.  Two-injection  zinc-creosote  process.  The  zinc-chloride 
and  creosote  are  injected  separately.  The  zinc-chloride  must  be 
as  weak  9s  possible  (mot  nwire  than  5%),  and  yet  strong  enough 
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SO  that  the  equivalent  of  0.3  lb.  can  be  injected  per  cubic  foot. 
After  impregnation,  the  remaining  zinc-chloride  is  run  out  and 
the  creosote  is  forced  in  and  maintained  at  100  lbs.  presBiire 
until  the  wood  has  absorbed  about  3  lbs.  of  oil  per  cubic  foot. 

256.  Cost  of  treating.  The  cost  of  treating  ties  by  the  vari- 
ous methods  has  been  estimated  as  follows.*  The  total  cost 
is  divided  into  (1)  seiasoning;  (2)  labor;  (3)  fuel;  (4)  maiii- 
tenance  and  (5)  chemicals. 

Seasoning.  The  labor  required  for  aip-seasoningi  the  usual 
practice,  is  estimated  at  from  0.75  c.  to  1.5  c.  per  tie,  or  is  aver- 
aged at  1.0  c.  per  tie.  Labor.  The  labor  involl^ed  in  aU  other 
handling  of  the  ties  is  averaged  at  6.0  c.  per  tie.  VutH  may 
cost  0.5  c.  per  tie  when  natural  gas  or  oil  is  obtainable  and  up 
to  2.0  c.  per  tie  for  other  scarcer  fuels;  it  is  averaged  at  1,0  c 
per  tie.  Maintenance  of  the  plant  is  estimated  at  1.26  0.  to 
2.0  c.  per  tie;  as  an  average  it  is  placed  at  1.5  c.  for  creosoting 
plants  and  1.6  c.  for  plants  using  zinc-chloride,  since  it  is  more 
corrosive.  Chemicals.  On  the  basis  of  a  7"  X9"  X8'  tie,  having 
a  volume  of  3.5  cubic  feet,  and  ^  lb.  of  zino-chloride  per  cubic 
foot,  the  amoimt  of  ZnCU  is  1.75  lbs.  per  tie;  at  4c.  per  pound 
this  would  cost  7  c.  per  tie.  Using  10  lbs.  of  creosote  per  cubic 
foot  or  35  lbs.  per  tie,  4.08  gallons  (8.58  lbs.  per  gallon)  of  creosote 
would  be  used  per  tie.  A  price  of  6  to  10  cents  per  gallon  k 
quoted  for  large  quantities  of  creosote.  Apparently  6.84  c. 
per  gallon  was  used  in  the  calculation,  since  thte  cost  of  the  erech 
sote  was  put  at  27.9  c.  per  tie.  Summarising',  the  cost  l^  the 
several  methods  was  as  given  below. 


Chemical  used. 

Quantity 

per  cubic 

foot. 

Seasoning, 

labor, 

fuel. 

Mainte- 
nance of 
plant. 

CSiiemioal 
eoai. 

ToUL 

Creosote 

10  lbs. 
6  " 
3   " 

8.0  c. 
8.0" 

}  8.0" 

8.0" 

1.5  c. 
1.5" 

1.6" 

1.6" 

27.9  c. 
1S.8" 

15.4  •• 

7.0  •• 

37  6  a. 

1 1 

S8  S'* 

/  Creosote 

1  ZnCl2 

35.0" 

Zinc  chloride 

16.6" 

Of  course  the  above  figures  arc  merely  illustrative.  VariatioB0 
in  the  cost  of  labor  and  materials  will  probably  change  all  thien 
figures.  Nothing  is  included  for  interest,  depreciatkxi,  super- 
intendence or  profit. 
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257.  Economics  of  treated  ties.  The  fact  that  treated  ties  ^T^f^> 
i  imiversally  adopted  is  due  to  the  argument  that  the  addedl  j 
5  of  the  tie  is  not  worth  the  extra  cost.  If  ties  can  be  bought  ^^ 
'  25  c,  and  cost  25  c.  for  treatment,  and  the  treatment  only 
ubles  their  life,  there  is  apparently  but  little  gained  except 
3  work  of  placing  the  extra  tie  in  the  track,  which  is  more 
leas  offset  by  the  interest  on  25  c.  for  the  life  of  the  imtreated 
,  and  the  larger  initial  outlay  makes  a  stronger  impression  on 
3  mind  than  the  computed  ultimate  economy.  But  when 
tilizing  some  statistics  from  the  Pittsburg,  Ft.  Wayne  & 
licago  Railroad)  it  is  found  that  white  oak  ties  laid  in  rock 
Hast  had  a  life  of  10.17  years,  and  that  hemlock  ties  treated 
th  the  zinc-tannin  process  and  laid  in  the  same  kind  of  ballast 
jted  10.71  years,  then  the  economy  is  far  more  apparent, 
ifortimately  no  figures  were  given  for  the  cost  of  these  ties 
r  for  the  cost  of  the  treatment;  but  if  we  assume  that  the 
lite  oak  ties  cost  75  c.  and  the  hemlock  ties  35  c.  plus  20  c. 
*  treatment,  there  is  not  only  a  saving  of  20  c.  on  each  tie, 
t  also  the  advantage  of  the  slightly  longer  life  of  the  treated 
.  In  the  above  case  the  total  life  of  the  two  kinds  of  ties 
so  nearly  the  same  that  we  may  make  an  approximation  of 
sir  relative  worth  by  merely  comparing  the  initial  cost;  but 
ually  it  is  necessary  to  compare  the  value  of  two  ties  one 
which  may  cost  more  than  the  other,  but  will  last  considerably 
iger.  The  mathematical  comparison  of  the  real  value  of 
o  ties  under  such  conditions  may  be  developed  as  follows: 
le  real  cost  of  a  tie,  or  any  other  similar  item  of  constructive 
»rk,  is  measured  by  the  cost  of  perpetually  maintaining  that 
m  in  proper  condition  in  the  structure.  It  will  be  here 
jumod  that  the  annual  cost  of  the  trackwork,  which  is  assign- 
Ic  to  the  tie,  is  the  same  for  all  kinds  of  ties,  although  the 
Terence  probably  lies  in  favor  of  the  more  expensive  and 
)st  durable  ties.  By  assuming  this  expense  as  constant,  the 
naining  expense  may  be  considered  as  that  due  to  the  cost 
the  new  ties  whenever  necessary,  plus  the  cost  of  placing 
^m  ■  in  the  track.  We  also  may  combine  these  two  items 
one,  and  consider  that  the  cost  of  placing  a  tie  in  the  track, 
lich  we  will  assume  at  the  constant  value  of  20  c.  per  tie, 
^ardless  of  the  kind  of  tie,  is  merely  an  item  of  20  c.  in  the 
/al  cost  of  the  tie.  We  will  assume  that  7",  is  the  present 
jt  ot  a  tie,  the  cost  including  the  preservative  treatment  if 
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any,  and  the  oo6t  of  placing  in  the  track.  The  tie  is  assumcnl 
to  last  n  yeard.  At  the  end  of  n  years  another  tie  is  placed 
in  the  track,  and,  for  lack  of  more  precise  knowledge,  we  will 
assume  that  this  cost  T^  equals  T^,  The  "present  worth" 
of  T^  is  the  sum  which,  placed  at  compound  ihterest,  would 
equal  T^  at  the  end  of  n  years,  and  is  expressed  by  the  quantity 

T 

h  4- r^^'  ^  which  r  equals  the  rate  of  interest.     Similarly  at 

the  end  of  2n  years  we  must  expend  a  sum  T,  to  put  hi  the  third 
tie,  and  the  present  worth  of  the  cost  of  that  third  1^  is  ex- 

T 
pressed  by  the  fraction  >rx^\2n*    ^*  "^^^  similarly  express 

the  present  worths  of  the  cost  of  ties  for  that  particular  spot 
for  an  indefinite  period.  Tlie  sum  of  all  these  present  worths 
is  given  by  the  sum  of  a  converging  scries  and  equals  (assi.ming 

that  all  the  7*8  are  equal)  ^^-^^^    _    «    But  instead  of  laying 

aside  a  sum  of  money  which  will  maintain  a  tie  in  that  par- 
ticular place  in  perpetuity,  we  may  compute  the  annual  sum 
which  must  he  paid  at  the  end  of  each  year,  which  would  be 
the  equivalent.  We  will  call  that  annual  payment  A,  and 
then  the  present  worths  of  all  these  items  are  as  follows: 

For  the  first  payment T\j~\f 

For  the  second  payment 7r^~\t» 

For  the  third  payment ^y 

For  the  nth  payment ,,  .    ,  >. 

^  •^  (l+r)» 

After  the  next  tie  is  put  in  place  we  have  the  present  worths 
of  tlio  annual  payments  on  the  second  tie,  of  which  the  first 
one  would  Ix) 

For  the  (n 4- 1)  payment — ^  , 

Similarly  after  x  tics  have  1)ccn  ])ut  in  place  the  last  pftj* 

ment  for  the  x  tie  would  have  a  i»ro>4ent  worth  ■  -     ■--      The 

'  (I  fr)»up         ^ 
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sum  of  All  those  present  worths  is  represented  by  the*  sum  of 

a  converging  series  and  equals  the  very  simple  expression  —• 

f 

But  since  the  sum  of  the  present  worths  of  these  annual  pay- 
ments must  equal  the  sum  of  the  present  worths  of  the  payments 
made  at  intervals  of  n  years,  we  may  place  these  two  summa^ 
tioDB  eqpial  to  each  other^  and  say  that 

(1+rr-l 

Values  of  A  lor  various  costs  of  a  tie  T  on  the  basis  that  r 
equals  5%  have  been  computed  and  placed  in  Table  XVIII. 
To  illustrate  the  use  of  this  tablc^  assume  that  we  are  comparing 
the  relative  values  of  two  ties,  both  untreated,  one  of  them 
a  white  oak  tie  which  will  cost,  say  75  c,  and  will  last  twelve 
years,  the  other  a  yellow  pine  tie  which  will  cost,  say  35  c, 
and  will  last  six  years.  Assuming  a  charge  for  each  case  of 
20  c.  for  placing  the  tie  in  the  track,  we  have  as  the  annual 
charge  against  the  white  oak  tie,  which  costs  95  c.  in  the  track, 
10.72  o.  The  pine  tie,  costing  55  c.  in  the  track  and  lasting 
six  years,  will  be  charged  with  an  annual  cost  of  10.48  c,  which 
idiows  that  the  costs  are  practically  equal.  It  is  probably 
true  that  the  track  work  for  maintaining  the  white  oak  would 
be  less  than  that  for  the  pine  tie,  but  since  the  initial  cost  of 
the  pine  tie  is«4e88  than  that  of  the  oak  tie,  it  would  probably 
be  preferred  in  this  ease,  especially  if  money  was  difficult  to 
obtain.  It  may  be  interesting  to  note  that  if  a  comparison  is 
made  from  a  similar  table  which  is  computed  on  the  basis  of 
compounding  the  money  at  4%  instead  of  5%,  the  annual 
charges  would  be  10.13  and  10.49  c.  for  the  oak  and  pine  ties 
respectively,  thiw  showing  that  when  money  is  "easier"  the 
higher  priced  tie  has  tlie  greater  advantage. 

Example  2.  Considering  again  the  comparison  previously 
made  of  a  white  oak  untreated  tie  which  was  assumed  to  cost 
75  c,  and  a  hemlock  treated  tie,  which  cost  35  c.  for  the  tie 
and  20  c.  for  the  treatment,  the  total  costs  of  these  ties  laid 
in  the  track  would  therefore  be  95  c.  and  75  c.  respectively. 
These  ties  had  practically  the  same  life  (10.17  and  10.71  years)^ 
but  in  order  to  use  the  table,  we  will  call  it  ten  years  for  each 
tie.    The  annual  charge  against  Ihe  oak  tie  would  therefore 
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be  12.30  c,  while  that  against  the  hemlock  tie  would  be  0.72  e. 
This  gives  an  advantage  in  the  use  of  the  treated  tie  of  2.58  e. 
per  year,  which  capitalized  at  5%  would  have  a  capitidiied 
value  of  51.6  c. 

The  Atchison,  Topeka  and  Santa  F^  R.  R.  has  oompiled  ft 
record  of  treated  pine  ties  removed  in  1897,  'OS,  '99,  and  1900^ 
showing  that  the  average  life  of  the  ties  removed  had  been  about 
11  years.  On  the  Chicago,  Rock  Island  and  Pacific  R-.  R.,  -the 
average  life  of  a  very  large  number  of  treated  hemlocK  and 
tamarack  ties  was  found  to  be  10.57  years.  Of  one  lot  of  Zly850 
ties,  12%  still  remained  in  the  track  after  15  years'  expomire. 

It  has  been  demonstrated  that  much  depends  on  the  ?»ifnqf 
details  of  the  process — ^whatever  it  may  be.  As  an  illustm- 
tion,  an  examination  of  a  batch  of  ties,  treated  by  the  sine- 
creosote  process,  showed  84%  in  service  after  13  yean'  expo- 
sure; another  batch,  treated  by  another  contractor  by  the  same 
process  (nominally),  showed  50%  worthless  after  a  service  ol  six 
years. 

METAL  TIES. 

^  258.  Extent  of  use.  In  1894  *  there  were  nearly  35000  mflflB 
of  **  metal  track  ''  in  various  parts  of  the  world.  Of  this  total, 
there  were  3645  miles  of  *'  longitudinals "  (see  f  264),  found 
exclusively  in  Europe,  nearly  all  of  it  being  in  Germany.  Tliefe 
were  over  12000  miles  of  '^  bowls  and  plates  "  (see  §  263),  fioimd 
almost  entirely  in  British  India  and  in  the  Argentine  Repiri>lio. 
The  remainder,  over  18000  miles,  was  laid  with  metal  croai  ties 
of  various  designs.  There  were  over  8000  miles  of  metal  cnv- 
ties  in  Germany  alone,  about  1500  miles  in  the  rest  of  Ehirope^ 
over  0000  miles  in  British  India,  nearly  1000  miles  in  the  rest 
of  Asia,  and  about  1500  miles  more  in  various  other  parts  of  the 
world.  Several  railroads  in  this  country  have  tried 
designs  of  these  ties,  but  their  use  has  never  passed  the 
mental  stage.  These  35000  miles  represent  about  9%  of  the 
total  railroad  mileage  of  the  world — ^nearly  400000  miles.  Tlwy 
represent  about  17.6%  of  the  total  railroad  mileage,  exohnive  of 
the  United  States  and  Canada,  where  they  are  used  bat  little, 
except  experimentally.  In  the  four  years  from  1890  to  1804  the 
use  of  metAl  track  increased  from  less  than  25000  miles  to  neariy 
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35000  miles.  This  increase  was  practically  equal  to  the  total 
increase  in  railroad  mileage  during  that  time,  exclusive  of  the 
increase  in  the  United  States  and  Canada.  This  indicates  a 
large  growth  in  the  percentage  of  metal  track  to  total  mileage, 
and  therefore  an  increased  appreciation  of  the  advantages  to  be 
derived  from  their  use. 

The  above  figures  were  true  in  1894.  Since  then  there  has 
been  considerable  development.  In  1915,  over  one  million  of 
the  *^  Carnegie  '^  steel  ties,  M21  section,  had  been  laid  on  the 
Bessemer  and  Lake  Erie  R.  R.  It  is  now  the  standard  en  that 
road.  On  several  other  roads  these  ties  are  used  extensively 
and  "  are  not  in  the  nature  of  test  installations.^'  The  National 
Railways  of  Mexico  have  adopted  as  standard  a  pressed  steel 
tie.  The  scarcity  of  tie  timber  in  Mexico,  the  comparatively 
hght  weight  of  rolling  stock  and  comparatively  low  speed,  com- 
bine to  favor  this  form  of  tie,  which  is  very  similar  to  a  tie  tried 
as  an  experiment  by  the  N.  Y.  C.  &  H.  R.  R.  R.  in  1892,  but 
which  was  foimd  unsuitable  for  their  requirements. 

259.  Forms  and  dimensions  of  some  metal  ties.  As  shown  on 
Plate  VI,  the  ties  have  approximately  the  same  external  dimen- 
sions as  wooden  ties.  Stability  in  the  ballast  requires  that  they 
shall  be  heavy,  at  least  as  heavy  as  a  wooden  tie,  and  that  the 
shape  shall  be  such  that,  when  surrounded  by  ballast,  they  shall 
be  anchored  against  horizontal  or  vertical  motion.  The  broad 
lower  flange  of  the  Carnegie  tie  apparently  fulfils  the  latter 
requirement.  The  "  Champion "  tie,  shown  on  Plate  VT,  is 
essentially  an  inverted  T,  of  -j^"  metal,  with  a  base  10"  wide, 
and  a  flange  5"  high.  Two  pairs  of  white  oak  blocks,  easily 
renewable,  and  into  which  cut  spikes  or  screw  spikes  may  be 
driven,  are  higher  than  the  flange  and  there  is  therefore  no  trouble 
about  the  insulation  of  track  circuits.  The  "  System  Couillet," 
used  in  Europe,  has  some  of  the  same  principles,  but  is  much- 
lighter  and  only  serviceable  for  lighter  rolling  stock.  v/ 

260.  Durability.  Many  metal  ties  have  failed  because  of 
breakage,  which  generally  begins  at  some  opening,  perhaps  a 
bolt  hole,  or  a  place  where  the  metal  has  been  sheared  on  three 
sides  and  bent  down  on  the  fourth  side  to  form  a  lug;  the  break 
invariably  begins  at  some  comer y  if  the  opening  has  sharp  cor- 
ners. Some  metal  ties  have  crushed  down  immediately  under 
the  rail,  showing  that  the  design  was  too  light  and  that  there 
was  too  little  metal  there  for  the  traflSc  it  had  to  carry. 
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Metal  tiiB  sre  subject  to  tunt,  espeeiajly_  w( 
ittcs,  such  aa  tauaels;  but  on  the  other  hand 
fined  Locaiities,  whcK  renew^a  are  troublesom 
mUf  dtairable  t«  employ  the  best  aad  tongeeb' 
tar,  etc.,  have  been  tried  an  a  pnitQctioa  agai 
protection  is  quickly  ai^rapcd  ofF  and  the  ccuul 
renewal  o(  the  protectiMi,  aueh  aa  may  bo  d 
a  bridge,  tor  examplo.  Thirty  Carnegie  tie 
^ginaliy  S'ii'i  pourids,  were  token  from  tt 
years'  bervice;  after  the  diit  and  ruat  had  b( 
Tiere  found  to  weigh  4912  poiincfa,  a  loaa  of  ; 
avnai^  loaa  of  less  than  1%  per  year.  A  eoi 
hapa  loee  35%  of  its  wei^it  by  rusting  befor 
would  require  its  removal. 

Virtual  failures,  necessitating  removal,  are 
dsfects  in  the  device  for  fa;$teni:ig  the  rails  t 
of  the  designs  include  a  lug,  fitting  over  the  h 
held  in  place  by  a  bolt  antl  nut.  Thisie  are 
unlesa  the  ELuts  are  held  by  nutlocks. 

Many  tiea,  both  steel  and  concrete;,  whic 
strength  to  support  the  mere  weight  of  the  ti 
aiely  broken  when  a  derailment  causes  ear 
drivers  to  strike  them  directly.  Thoy  da  aai 
nesH  and  resiliency  of  wooden  tiea  to  withstand 

The  Carnegie  tie  is  the  only  steel  tie  which 
BiEGcient  quaatlties  and  for  such  a  length 
TBtianal  eBtkiint«  of  its  life  may  be  made — ea 
mental  types  of  ties  whose  l^e  has  been  so  ai 
evidently  failures.  22400  Carnegie  tics  were  fa 
Jdiaaabe  A  Narthwn  Rwy.  in  1906.  In  ISl&oi 
under  apecial  cbcumstancea.  In  1919,  30  hk< 
in$  under  the  mil  seat.  By  1920,  a  total  of  dta 
This  is  a  little  over  0.4%  after  a  period  of  tr 
ratio  ia  too  arnaU  to  apply  to  the  curve  shown  i 
but  it  indicates  a  very  long  average  life.  Anoi 
able  OMe  is  that  of  3S4  ties  placed  in  the  Ei 
Ten  were  removed  in  1916,  eighteen  more  in  ] 
more  in  June,  1919.  A  later  n-port  states  tha 
were  removed  by  August,  1919,  nftei  lut  avt 
yews'  aervice.  "  The  majority  of  tijem  we 
the  rail  seat,"  which  indicates  that  they  wert 
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LATE  VI. — Soi£E  Forms  op  Metal  Ties. 
(Between  pp.  292  and  293.) 
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woEk  ihey  iiaxi  to  ido.  Seveml  other  roads  have  vrndt  similat 
refKxts — ft  few  expenraental  ties  have  cnehed  uoder  the  head 
after  a  few  years'  servtee,  evid&aily  because  the  type  chosen 
(tfaeve  aa*e  five  weights)  <wa8  too  iight  for  the  wei^iit  of  the  noli- 
ii^Atock.  ^ 

261.  Economics  of  steel  ties.  Perhaps  the  most  potent 
reason  ^  the  slow  axk^ioii  of  a  substitute  for  the  wooden  tie 
k  the  plain  matter  of  cost.  In  i^ite  of  the  fact  that  the  available 
supplies  of  tie  timber  are  b^g  used  up  at  a  rate  which  is  several 
times  the  rate  of  i^enewal  of  sut^  supplies  by  growth,  the  relative 
oost  of  sted  and  wooden  ties  is  such  that  the  steel  tie  must  show 
a  gieat  superiority  in  order  to  justify  its  extra  cost.  Present 
prices  {I92i)  are  abonormal  but  are  perhaps  relatively  nearly 
the  same.  Assume  that  a  white  oak  tie  costs  $1.40  and  that 
it  costs  $1.12  moie  for  spikes  and  tie  plates,  and  30  c.  more  to 
place  it  in  the  track;  assume  that  this  tie  will  last  8  years  under 
a  certain  clafis  of  traffic  Then,  by  Table  XVIII,  the  annual 
charge  for  an  initial  oost  of  $2.82  is  2.82  X  15.47  =  43.63  c.  The 
present  quoted  price  for  a  Carnegie  M21  tie,  including  fastenings, 
is  $5X)0;  adding  30  c.  for  placing  in  track,  we  have  a  total  of 
$5.30.  43.63 -T-SiSO =8.23,  the  annual  charge  in  ce^ts  for  each 
doikar  of  initial  expenditure.  By  interpolation  in  Table  XVIII 
between  8.27  for  1^  years  and  8.02  for  20  years,  it  is  seen  that 
the  metal  tie  must  have  an  average  life  of  19  yrs.  2  mo.  to  equal 
the  economy  of  the  oak  tie.  The  above  comparison  assumes 
tiie  substantial  equality  of  cost  of  track  labor  and  the  main- 
tenance of  the  track  fastenings  with  the  two  kinds  of  ties. 


263.  Bowls  or  plates.  As  mentioned  before,  over  12000  miles 
of  railway,  chiefly  in  British  India  and  in  the  Argentine  Repub* 
lie,  are  laid  with  this  form  of  track.  It  consists  essentially  of 
large  cast-iron  inverted  "  bowls  "  laid  at  intervals  under  each 
rail  and  opposite  each  other,  the  opposite  bowls  being  tied 
together  with  tie-rods.  A  suitable  chair  is  riveted  or  bolted  on 
to  the  top  of  each  bowl  so  as  to  properly  hold  the  rail.  Being 
made  of  cast  iron,  they  are  not  so  subject  to  corrosion  as  steel 
or  wrought  iron.  They  have  the  advantage  that  when  old  and 
worn  out  their  scrap  value  is  from  00%  to  80%  of  their  initial 
cost,  while  the  scrap  value  of  a  steel  or  wrought-iron  tie  is  prac* 
tically  n<^thing.     Failure  generally  occurs  from  breakage,   the 


r 
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failures  from  this  cause  in  India  being  about  0.4%  per  M^iunn 
They  weigh  about  250  lbs.  apiece  and  are  therefore  quite  expat- 
sive  in  first  cost  and  transportation  charges.  There  are  mflfls 
of  them  in  India  which  have  already  lasted  25  years  and  an 
still  in  a  serviceable  condition.  Some  illustrations  of  this  fann 
of  tie  are  shown  in  Plate  VI. 

264.  Longitudinals.  Although  the  discussion  of  longitudinab 
might  be  considered  to  belong  more  properly  to  the  subject  of 
Rails,  yet  the  essential  idea  of  all  designs  must  necessarily  be 
the  support  of  a  rail-head  on  which  the  rolling  stock  may  run, 
and  therefore  this  form,  imused  in  this  coimtry,  will  be  briefly 
described  here.    This  form,  the  use  of  which  is  confined  almost 

exclusively  to  Germany,  is  being  gradnal^y 
replaced  on  many  lines  by  metal  crosB-tieB. 
The  system  generally  consists  of  a  compound 
rail  of  several  parts,  the  upper  bearing  xafl 
^■v.vvAVAv^  being  very  light  and  supported  throughout  ito 
Fia  114  length  by  other  rails,  which  are  suitably  tied 

together  with  tie-rods  so  as  to  Tnm'nfAtw  the 
proper  gauge,  and  which  have  a  sufficiently  broad  base  to  be 
properly  supported  in  the  ballast.  One  great  objection  to  this 
method  of  construction  is  the  difficulty  of  obtiuning  proper 
drainage  especially  on  grades,  the  drainage  having  a  tendency  to 
follow  along  the  lines  of  the  rails.  The  construction  is. much 
more  complicated  on  sharp  curves  and  at  frogs  and  switches. 
Another  fundamentally  different  form  of  longitudinal  is  the 
Haarinan  compound  ''self-bearing  rail,''  having  a  base  12" 
wide  and  a  height  of  8",  the  alternate  sections  breaking  joints 
so  as  to  form  a  practically  continuous  rail. 

Some  of  the  other  forms  of  longitudinals  are  illustrated  in 
Plate  VI. 

For  a  very  complete  discussion  of  the  subject  of  metal  tiefl^ 
see  the  "  Report  on  the  Substitution  of  Metal  for  Wood  in 
Railroad  Ties  "  by  E.  E.  Russell  Tratman,  it  being  Bulletin 
No.  4,  Forestry  Division  of  the  U.  S.  Dept.  of  Agriculture. 

265.  Reinforced  concrete  ties.  The  wide  application  of 
forced  concrete  to  various  structural  purposes,  combined 
its  freedom  from  decay,  has  led  to  iis  attempted  adoption  for 
ties.  For  several  years  a  st^inding  committee  of  the  Amer. 
Rwy.  Eng.  Assoc,  has  systematically  followed  the  eicperimentsl 
tests  on  several  railroads  of  niunerous  substitutes  for  wooden 
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ties.  Many  of  these  ties  are  made  of  metal  and  have  been  pre- 
viously referred  to.  Others  are  made  of  concrete,  reinforced 
with  steel.  The  concrete  is  not  subject  to  decay  but  it  is  so 
brittle  thatj  when  struck  by  a  derailed  car  or  locomotive,  it 
will  almost  inevitably  crack,  and  after  that,  its  disintegration 
is  a  matter  of  a  very  short  time.  The  Percival  tie,  shown  on 
Plate  VI,  has  been  tested  for  several  years  on  some  roads  having 
comparatively  light  traflSc.  The  reports  from  these  roads  are 
encouraging,  if  not  conclusive.  The  "  Bates  "  tie  consists  of 
two  concrete  blocks,  one  under  each  rail,  which  are  connected 
by  a  pair  of  trussed  structures  of  steel.  In  the  center  space  of 
of  about  two  feet  between  the  two  blocks,  the  steel  is  exposed 
to  rust.  A  report  on  these  ties  said  that,  after  seven  years 
service,  the  exposed  trusses  were  "  rusted  to  a  maximum  depth 
of  possibly  i^"  but  not  to  such  an  extent  as  to  seriously  weaken 
the  trusses."  It  is  a  common  belief  that  it  is  essentially  impos- 
sible to  design  a  concrete  tie,  even  when  reinforced  with  steel, 
which  will  have  sufficient  resiliency  to  withstand  the  shocks  of 
rail  traffic.  Inniunerable  concrete  ties  have  ignominiously  failed 
after  a  v«y  short  service. 


CHAFTER  IX. 
RAILS. 

a66.    Early  fonns.    The  first  rails  ever  laid  were  wooden 
utringera  which  were  used  on  very  short  tram-roads  around  eoal- 
mines.     As  the  necessity  for  a  more  durable  rail  incrcasedi 
owing  chiefly  to  the  invention  of  the  locomotive  as  a  motjve 
power,  there  were  invented  successively  the  castoiron  "fiib- 
belly"  rail  and  various  forms  of  wrought-iron  strap  raila  which 
finally  developed  into  the  T  rail  used  in  this  countiy  and  the 
double-headed  rail,  supported  by  chairs,  used  so  extensively  in 
England.     The  ciist-iron  rails  were  cast  in  lengths  of  about  8 
feet  and  were  supported  in  iron  chairs  which  were  aometinm 
set  upon  stone  piers.     A  great  deal  of  the  first  nulroad  tmdk 
of  this  country  was  laid  with  longitudinal  stringers  of  wood 
placed  upon  cross-ties,  the  inner  edge  of  the  stringers  being 
protected  by  wrought- iron  straps.     The  "bridge"  rails  were 
first  rolled  in  this  country'  in  1844.    The  "pear"  section  was 
an  approach  to  the  present  form,  but  was  very  defective  on 
account  of  the  difficulty  of  designing  a  good  form  of  joint.  The 
"Stevens"  section  was  designed   in  1830  by  Col.  Robert  L. 
Stevens,  Chief  Engineer  of  the  Camden  and  Amboy  Railroad; 
although  quite  defective  in  itf:;  proportions,  according  to  the 
present  knowledge  of  the  requirements,  it  is  essentially  the  pres- 
ent form.     In  1836,  Charles  Vignoles  invented  essentially  the 
same  form  in  England;  this  form  is  therefore  known  throu|^MMit 
England  and  Europe  as  the  Vignoles  rail. 

267.  Present  standard  forms.  The  larger  part  of  modem 
railroad  track  is  laid  with  rails  v.hich  are  either  "T"  raOs  or 
the  double-headed  or  ''bull-headed"  railc  which  are  eairied  in 
chairs.  The  double-headed  rail  vras  designed  with  c  symmetri- 
cal form  with  the  idea  that  after  one  head  had  been  worn  out 
by  traffic  the  rail  could  be  reversed,  and  tliat  its  life  would  be 
practically  doubled.    Experience  has  shoyvn  that  the  wear  of  the 
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rail  in  the  chairs  is  very  great;  so  much  so  that  when  one  head 
has  been  worn  out  by  traffic  the  whole  rail  is  generally  useless. 


aUINCY  R.R. 
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FiQ.  115. — Early  Forms  of  Rails. 

If  the  rail  is  turned  over,  the  worn  places,  caused  by  the  chairs, 
make  a  rough  track  and  the  rail  appears  to  be  more  brittle  and 
subject  to  fracture,  possibly  due  to  the  crystallization  that  may 
have  occurred  during  the  previous  usage  and  to  the  reversal  of 
stresses  in  the  fibers.     Whatever  the  explanation,  experience  has 

demonstrated  the  /art.     The  "bull-headed" 

rail  has  the  lower  head  only  large  enough  to 

properly  hold  the  wooden  keys  with  which 

the  rail  is  secured  to  the  chairs  (see  Fig.  11^) 

and  furnish  the  necessarj'  strength.     The  use 

^HEADEO)  Rau  A^  **^  thcsc  rails  requires  the  use  of  two  cast- 

Chair.  iron  chairs  for  each  tie.     It  is  claimed  that 

such  tradL  is  l^ctter  for  heavy  and  fast  trafiic,  but  it  is  more 
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expensive  to  build  and  maintain.    It  is  the  standard  form  of 
track  in  England  and  some  parts  of  Europe. 

Until  after  1893  there  was  a  very  great  multiplicity  in  the 
designs  of  "  T  "  rails  as  used  in  this  country,  nearly  every 
prominent  railroad  having  its  own  special  design,  which  perhaps 
differed  from  that  of  sone  other  road  by  only  a  y&ry  minute  and 
insignificant  detail,  but  which  nevertheless  would  require  a 
complete  new  set  of  i  oils  for  rolling.  This  hiad  a  very  appreciable 
effect  on  the  cost  of  rails.  In  18d3,  the  American  Society  of 
Civil  Engineers,  after  a  very  exhaustive  investigation  of  the 


Fig.  117. — Standard  Rail  SxcnoHS. 


subject,  extending  over  several  years,  having  obtained  the  opm- 
ions  of  the  best  experts  of  the  country,  adopted  a  serieB  of  sec- 
tions which  have  been  very  extensively  adopted  by  the  railroads 
of  this  country. 

In  1909  the  American  Railway  Association  and  the  Amerioan 
Railway  Engineering  Association,  by  combined  action,  developed 
a  series  of  sections.  Fig.  117  shows  diagfammatically  all  of 
these  sections  and  their  variations  with  different  weights  and 
S3rstems  are  shown  by  the  tabular  values  for  the  lettered  dimen- 
sions. It  may  be  noted  that  the  radii  of  the  upper  and  lower 
comers  of  the  flanges  and  of  the  lower  comers  of  the  head  an 
constant  (^")  for  all  weights  of  rail  and  for  all  oyBtema. 
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The  chief  Features  of  disagreement  atnong  railroad  men  relate 

to  the  radius  oT  the  upper  comer  of  the  head  and  the  slope  ot  tlie 

side  ot  the  be»d.    The  radius  (ft")  adopted  by  the  A.  S.  C.  E. 

for  the  upiMT  comer  (constant  for  all  w^ghta)  is  a  little  ttutfe 

than  is  advocated  by  those  in  favor  of  "  sharp  cotnerB  "  wlio 

prefer  a  radius  of  i".     On  the  other  hand  it  is  much  leoB  tkan 

ia  advocated  by  those  yha  consider  that  tt 

should  be  nearly  equal  to  (or  even  grMttr 

than)  the  krger  radius  Universally  adaiited 

for  the  comer  of  the  wheel-flange,    tie 

discussion  turns  on  the  relative  rapidit;  of 

rail  wear  Eind  the  wear  of  the  wbeel-flangn 

aa  aRected  by  tbe  relation  of  the  form  of  Uh 

whcd-treod  to  that  of  the  rail.     It  is  aigued 

tliat  sharp  rail  coroeTs    wear   the  wfaeet- 

flangcs  so  as  to    produce  sharp  flabgeS, 

which  are  liable  to  cause  d»«iliDaat  IX 

^oT^^^wl'szi.    switches  and  also  to  require  that  the  tins  of 

ttcw.  engine-drivers    must   be  mora  frequently 

turned  down  to  their  true  form.     On  tka 

other  hand  it  is  generally  beUcved  that  rail  wear  ia  muoh  lea 

rapid  when  the  area  of  contact  between  the  rail  and  wfaed- 

llange  b  small,  and  that  when  the  rail  has  worn  down,  as  it  invft- 

riabiy  docs,  to  nearly  the  same  form  as  the  wheel-flange,  the  mil 

wears  away  very  quickly.    The  A.  R.  E.  A.  system  uses  |"  radttti 

'or  all  rail  weights.    The  "  B  "  sections  were  propOMd  to  satWy 

•hose  that  desired  that  the  head  should  be  narrower  and  deeper 

than  as  found  in  Uie  "  A  "  sections.    The  A.  R.  E.  A.  MaiMBl 

(101.5),  su^g^ts  that  if  a  section  h  found  to  be  inadequate  becuisa 

ot  lack  of  depth  of  head,  the  ne\t  heavier  section  will  be  fbuad 

more  desirable  and  economical. 

368.  Weight  for  various  kinds  of  traffic.  The  heavint  ralll 
in  use  weigh  120  to  140  lbs.  per  yard,  and  even  theae  are  oaij 
used  on  some  of  the  heaviest  trafRc  sections  of  sueh  roads  aa  tht 
N.  Y.  Central,  the  Pennsylvania,  the  N.  Y.,  N.  H.  A  H.,  aad 
a  few  others.  Probably  the  larger  part  of  the  milpay.  xk  tba 
country  is  laid  with  80-  to  90-!b,  rails — considering  the  fact  thU 
"  the  lui^r  iHirt  of  the  milcugc  "  consists  of  comparatively  ligti*- 
trjlhc  nmda  and  may  exclu<le  all  the  heavy  trunk  Utiea.  Vcty 
light-tralTic  roads  arc  sometimes  laid  with  TO-lb.  ruls.  Roads 
with  fairly  heavy  trafiic  generally  use  90-  to  100-lb.  raDa,  e^W- 
cially  when  grades  arc  heavy  and  there  is  much  and  aluup  ounF- 
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ature.  The  tendency,  on  all  roads  is  toward  an  increase  in  the 
weight,  rendered  necessary  on  account  of  the  increase  in  the 
weight  and  capacity  of  rolling  stock,  and  due  also  to  the  fact  that 
accumulated  operating  experience  has  shown  that  it  is  both 
better  and  cheaper  to  obtain  a  more  soUd  and  durable  track 
by  increasing  the  weight  of  the  rail  rather  than  by  attempting 
to  support  a  weak  rail  by  an  excessive  number  of  ties  or  by  exces- 
sive track  labor  in  ta,mping.  It  should  be  remembered  that  in 
buying  rails  the  mere  weight  is,  in  one  sense,  of  no  importance. 
The  important  thing  to  consider  is  the  strength  and  the  stiff- 
ness. If  we  assume  that  all  weights  of  rails  have  similar  cross- 
sections  (which  is  nearly  although  not  exactly  true),  then,  since 
for  beams  of  similar  cross-sections  the  strength  varies  as  the  cube 
of  the  homologous  dimensions  and  the  stiffness  as  the  fourth  power, 
while  the  area  (and  therefore  the  weight  per  unit  of  length)  only 
varies  as  the  square,  it  follows  that  the  sti^ness  varies  as  the 
square  of  the-  weight,  and  the  strength  as  the  f  power  of  the 
weight.  Since  for  ordinary  variations  of  weight  the  price  per 
ton  is  the  same,  adding  (say)  10%  to  the  weight  (and  cost)  adds 
21%  to  the  stifl[ness  and  over  15%  to  the  strength.  As  another 
illustration,  using  an  80-lb.  rail  instead  of  a  75-lb.  rail  adds  only 
6f  %  to  the  cost,  but  adds  about  14%  to  the  stiffness  and  nearly 
11%  to  the  strength.  This  shows  why  heavier  rails  are  more 
economical  and  are  being  adopted  even  when  they  are  not  abso- 
lutely needed  on  accoimt  of  heavier  rolling  stock.  The  stiffness, 
strength,  and  consequent  durability  are  increased  in  a  much 
greater  ratio  than  the  cost. 

The  relsrtion  between  weight  of  rail  and  the  weight  on  the 
drivers  of  the  locomotives  which  are  to  run  on  it  has  been  briefly 
expressed  by  tlie  Efaldwin  Locomotive  Works  as  ''  300  pounds 
of  wheel  per  pound  of  rail  per  yard."  *  This  rule  may  be  utilized 
by  making  a  diagram  as  shown  in  Fig.  119.  For  example,  if  it 
is  desired  to  use  a  type  of  locomotive  with  170,000  lbs.  on  the 
drivers  and  also  75-lb.  rails,  fom*  pairs  of  drivers  will  be  needed 
and  such  a  type  of  locomotive  should  be  used.  By  using  95-lb. 
rails  the  S£^me  weight  on  the  drivers  could  be  placed  on  three  axles. 
As  another  example,  a  Pacific-type  locomotive,  with  150,000  lbs. 
on  its  six  drivers,  should  have  a  rail  with  a  minimum  weight  of  83 
lbs.,  or  say  an  85-lb.  rail.  Whatever  elements  are  given,  the  cor- 
responding proper  value  for  the  other  element  may  be  derived. 

*  See  S  447  (c)  for  expansioa  of  this  rule. 
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369.  Effect  of  stiffness  on  traction.  A  very  iinportaat  but 
generally  unconsidered  feature  of  a  stifF  rail  ia  its  effect  on  tno- 
tive  force.  An  extreme  illustration  of  this  principle  ia  seen 
when  a  vehicle  is  drawn  over  &  soft  sandy  road.  The  constant 
compression  of  the  sand  in  front  of  the  wheel  has  virtually  the 
same  e^ent  on  traction  as  drawing  the  wheel  up  a  grade  whoM 


! 


I 


Bteepnrn!!  depends  on  the  radius  of  the  wheel  and  the  depth  td 
the  rut.  On  the  other  hand,  if  a  wheel,  made  of  perfectly 
elastic  material,  is  rolled  over  a  surface  i>'hich,  while  supported 
with  absolute  rigidity,  is  also  perfectly  elastic,  there  would  be  a 
[o^^^'a^d  component,  caused  by  tlie  expanding  of  the  compRand 
metikl  just  behind  the  center  of  contact,  which  would  juet  bal- 
ance the  backward  component.  If  the  rail  was  aupported 
throughout  its  length  by  an  absolutely  rigid  support,  tlw  bi^ 
ela^jticity  of  the  wheel-tires  and  rails  would  mluce  tbia  form  €f 
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resistance  to  an  insignificant  quantity,  but  the  ballast  and  even 
the  ties  are  comparatively  inelastic.  When  a  weak  rail  yields, 
the  ballast  is  more  or  less  compressed  or  displaced,  and  even 
though  the  elasticity  of  the  rail  brings  it  back  to  nearly  its 
former  place,  the  work  done  in  compressing  an  inelastic  material 
is  wholly  lost.  The  effect  of  this  on  the  fuel  account  is  certainly 
very  considerable  and  yet  is  frequently  entirely  overlooked.  It 
is  practically  impossible  to  compute  the  saving  in  tractive  power, 
and  therefore  in  cost  of  fuel,  resulting  from  a  given  increase  in 
the  weight  and  stiffness  of  the  rail,  since  the  yielding  of  the  rail 
is  so  dependent  on  the  spacing  of  the  ties,  the  tamping,  etc.  But 
it  is  not  difficult  to  perceive  in  a  general  way  that  such  an  econ- 
omy is  possible  and  that  it  should  not  be  neglected  in  considering 
the  value  of  stiffness  in  rails. 

270.  Length  of  rails.  The  recommended  standard  length  of 
rails  is  33  feet.  Several  years  ago,  many  roads  experimented  with 
45-foot  and  even  60-foot  rails.  The  argmnent  in  favor  of  longer 
rails  is  chiefly  that  of  the  reduction  in  track-joints,  which  are 
costly  to  construct  and  to  maintain  and  are  a  fruitful  source  of 
accidents.  Mr.  Morrison  of  the  Lehigh  Valley  R.  R.*  declared 
that,  as  a  result  of  extensive  experience  with  45-foot  rails  on  that 
road,  he  found  that  they  are  much  less  expensive  to  handle, 
and  that,  being  so  long,  they  can  be  laid  around  sharp  curves 
without  being  curved  in  a  machine,  as  is  necessary  with  the 
shorter  rails.  The  great  objection  to  longer  rails  Ues  in  the 
difficulty  in  allowing  for  the  expansion,  which  will  require,  in 
the  coldest  weather,  an  opening  at  the  joint  of  nearly  J"  for  a 
60-foot  rail.  The  Pennsylvania  R.  R.  and  the  Norfolk  and 
Western  R.  R.  each  laid  a  considerable  mileage  with  60-foot 
rdils.    The  net  result  i»  the  fixed  standard  of  33  feet. 

271.  Expansion  of  fails.  Steel  expands  at  the  rate  of  .0000065 
of  its  length  per  degree  Fahrenheit.  The  extreme  range  of  tem- 
perature to  which  any  rail  will  be  subjected  will  be  about  160**, 
or  say  from  -20"  F.  to  +140°  F.  With  the  above  coefficient 
and  a  rail  l^igth  of  60  feet  the  expansion  would  be  0.0624  foot, 
or  about  f  inch.  But  it  is  doubtful  whether  there  would  ever 
be  such,  a  range  of  motion  even  if  there  were  such  a  range  of 
temperature.  Mr.  A.  Torrey,  chief  engineer  of  the  Mich.  Cent. 
R.  R.,  e3q)erimented  with  a  section  over  500  feet  long,  which, 

*  Report,  Roadmasters  Association,  1895. 
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although  not  a  single  rail,  was  made  "continuous"  by  rigid 
splicing,  and  he  found  that  there  was  no  appreciable  additional 
contraction  of  the  rail  at  any  temperature  below  +20°  F.  The 
reason  is  not  clear,  but  the  Jact  is  undeniable. 

The  heavy  girder  rails,  used  by  the  street  railroads  of  the 
country,  are  bonded  together  with  perfectly  tight  rigid  joints 
which  do  not  permit  expansion.  If  the  rails  are  laid  at  a  tenir- 
perature  of  60°  F.  and  the  temperature  sinks  to  0°,  the  raOs 
have  a  tendency  to  contract  .00039  of  their  length.  If  this 
tendency  is  resisted  by  the  friction  of  the  pavement  in  which  the 
rails  are  l:)uried,  it  only  results  in  a  tension  amounting  to  .00039 
of  the  modulus  of  elasticity,  or  say  10920  pounds  per  square 
inch,  assuming  28  000000  as  the  modulus  of  elasticity.  This 
stress  is  not  dangerous  and  may  be  permitted.  If  the  tempera- 
ture rises  to  120°  F.,  a  tendency  to  expansion  and  buckling  will 
take  place,  which  will  be  resisted  as  before  by  the  pavement, 
and  a  compression  of  10920  pounds  per  square  inch  will  be  in- 
duced, which  will  likewise  be  harmless.  The  range  of  tempera- 
ture of  rails  wliich  are  buried  in  pavement  is  much  leas  than 
when  they  are  entirely  above  the  ground  and  will  probably 
never  reiich  tlie  above  extremes.  Rails  supported  on  ties  which 
arc  only  held  in  place  by  ballast  must  be  allowed  to  expand  and 
contract  ahnost  freely,  as  the  ballast  cannot  be  depended  on  to 
resist  the  distortion  induced  by  any  considerable  range  of  tem- 
perature, especially  on  curves. 

272.  Rules  for  allowing  for  temperature.  Track  regulations 
generally  require  that  the  track  foremen  shall  use  iron  (nof 
wooden)  shims  for  placing  between  the  ends  of  the  rails  vfaile 
splicing  them.  The  thickness  of  these  shims  should  vaiy  inti 
the  tonip(?rature.  Some  roads  use  such  approximate  rules  as  tlie 
following:  "  The  proper  thickness  for  coldest  weather  is  -^  of  an 
inch;  during  spring  and  fall  use  \  of  an  inch,  and  in  the  very 
hottest  weather  rs  of  an  inch  should  be  allowed."  iTiis  n  on 
the  basis  of  a  80-foot  rail.  When  a  more  accurate  adjustmeni 
than  this  is  desired,  it  may  be  done  by  assuming  some  Very  &^ 
temperature  (100°  to  125°  F.)  as  a  maximum,  when  the  j<»rito 
should  be  tight;  then  compute  in  tabular  form  the"  spaciiig  ftfr 
eacli  tempefature,  varying  by  25°,  allowing  0".0643 "  fi^ 
nearly  A")  for  each  25°  change.  Such  a  tabular  forrid  'HoiiA 
be  about  as  follows  (rail  length  33  feet):  ■  "' 
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Temperature. . 

Over  100* 

100°-75*' 

75°-50° 

50**-25° 

25°-0° 

Below  0° 

Rail  opening. . 

Close 

A" 

i" 

A" 

i" 

A" 

One  practical  difficulty  in  the  way  of  great  refinement  in  this 
work  is  the  determination  of  the  real  temperature  of  the  rail 
when  it  is  laid.     A  rail  lying  in  the  hot  sun  has  a  very  much 
higher  temperature  than  the  air.     The  temperature  of  the  rail 
cannot  be  obtained  even  by  exposing  a  thermometer  directly  to 
the  siin,  although  such  a  result  might  be  the  best  that  is  easily       i 
obtainable.     On  a  cloudy  or  rainy  day  the  rail  has  practically       / 
the  same  temperature  as  the  air;  therefore  on  such  d&ys  there      ; . 
need  be  no  such  trouble.  y 

273.  Standard  specifications.  Specifications  are  constantly 
varying.  They  are  always  a  compromise  between  the  wishes 
of  railroad  engineers  and  the  interests  of  rail  manufacturers. 
At  present  (1921)  rail  prices  are  high,  the  railroads  are  relatively 
in  a  low  financial  condition,  and  the  specifications  are  much  less 
rigid  than  those  mutually  accepted  in  1910.  Therefore,  instead 
of  quoting  verbatim,  in  this  edition,  the  specifications  now  cur- 
rent, the  general  features  have  been  discussed,  many  of  which 
will  probably  be  modified  in  future  specifications.  When  buy- 
ing rails  for  any  road,  the  latest  issue  of  standard  Am.  Rwy.  Eng. 
Assoc,  specifications  should  be  obtained  for  reference. 

273a.  Chemical  composition.  More  than  98%  of  the  com- 
position of  steel  rails  is  iron,  but  the  value  of  the  rail,  as  a  raD, 
is  almost  wholly  dependent  upon  the  large  number  of  other 
chemical  elements  which  are,  or  may  be,  present  in  very  small 
amounts. 

Carbon.  Many  years  ago,  when  rails  were  comparatively 
light  and  the  maximum  wheel  loads  were  correspondingly  light, 
the  carbon  in  rails  ranged  from  0.20%  to  0.50%.  But  the  great 
increase  in  wheel  loads  produces  a  concentrated  pressure  on  the 
rails  which  causes  the  steel  to  "  flow  "  if  the  steel  is  comparatively 
soft.  An  increase  of  a  few  hundredths  of  a  percent  of  carbon 
makes  the  steel  harder  but  an  excess  of  carbon  makes  it  too 
brittle.  Since  heavier  wheel  loads  require  heavier  rails,  more 
carbon  is  used  in  the  heavier  sections.  Since  it  is  safer  to  use 
more  carbon  in  open-hearth  rails  than  in  Bessemer  rails,  a  higher 
percentage  is  so  used.  The  limits  at  present  (1921)  are  as 
follows: 
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Bessemer  process. 

Open-hearth  proceflB. 

Chemical 
elements. 

Weight,  i)oimds  per 
yard. 

Weight,  pounds  per  yard. 

70  to  84 

85  and  over 

70  to  84 

85  to  110 

lllandovor 

Carbon 

Phosphorus, 

not  to  exceed 
Manganese .  .  . 
Silicon,  not  less 

than 

0.40  to  0.50 

•     0.10 
0.80  to  1.10 

0.10 

0.45  to  0.55 

0.10 
0.80  to  1.10 

0.10 

0.53  to  0.68 

0.04 
0.60  to  0.90 

0.10 

0.62  to  0.77 

0.04 
0.60  to  0.90 

0.10 

0.07  to  a82 

0.04 
0.60  to  0.90 

0.10 

Sulphur.  Former  specifications  required  that  sulphur  should 
not  exceed  0.075%  in  Bessemer  rails  and  0.06%  in  openrhearth 
rails.  Manufacturers  now  demand  an  excess  price  if  a  definite 
limitation  is  made  but  say  that  it  is  to  their  own  interests,  for 
other  reasons,  to  have  the  sulphur  within  safe  limits.  As  a 
compromise,  no  definite  Limitation  is  now  made.  This  con- 
cession, now  allowed  by  the  railroads,  illustrates  forcibly  how 
the  railroads  are  compelled  by  financial  considerations  to  reiax 
from  the  former  rigidity  of  specifications. 

When  a  railroad  buys  a  large  order  of  rails  directly  from  s 
rail  mill,  the  railroad  usually  sends  an  inspector,  who  is  fi 
by  the  manufacturer  with  chemical  analyses  of  the  steel, 
for  each  day  and  night  turn  for  Bessemer  rails  or  one  for  each 
heat  of  open-hearth  rails.  Sometimes  samples  are  furnished 
the  inspector,  if  he  is  a  chemist,  and  he  is  given  facilities  at  the 
mill  to  make  his  own  check  analyses. 

273b.  Physical  requirements.  These  are  increasingjiy  depended 
on  to  determine  (a)  ductility  or  toughness  as  opposed  to  brittle 
ness  and  (6)  soundness,  or  its  homogeneity  and  freedom  from 
seams,  laminations,  cavities,  or  interposed  foreign  matter.  Tlia 
ductility  is  tested  by  dropping  a  tup  weighing  2000  pounds, 
which  has  a  striking  face  with  a  radius  of  5  inches,  on  a  test 
rail  about  5  to  6  feet  long,  which  is  supported  on  t¥ro  pedestak^ 
also  having  bearing  surfaces  with  radii  of  5  inches,  the  pedestals 
being  adjustable  to  spans  varying  from  3  feet  to  4  feot  6  indies. 
The  pedestals  are  spaced  3  feet  for  rails  weighing  110  pounds 
per  yard  or  less,  and  are  spaced  4  feet  for  rails  weighing  111  to 
140  pounds  per  yard.  The  pedestals  are  firmly  secured  to 
anvil  weighing  20,000  pounds  which  is  supported  on  20 
heavy  springs.    Gauge  marks,  one  inch  apart  for  three  indwi 
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each  side  of  the  center,  are  marked  in  the  center  of  the  top  of 
the  rail.  The  rails  are  usually  tested  with  the  head  in  tension, 
or  with  the  rail  inverted.  The  tup  falls  from  a  height  of  16  feet 
on  70-  to  79-pound  rails,  17  feet  on  80-  to  90-pound  rails,  18  feet 
on  91-  to  110-pound  rails  and  20  feet  on  111-  to  140-pound  rails. 
Under  such  impacts  the  elongation  on  one  inch  of  the  six-inch 
scale,  marked  as  above,  shall  be  at  least  8%.  The  permanent 
set,  on  a  3-foot  chord,  is  noted  for  each  blow.  The  test  pieces, 
which  do  not  break  imder  ordinary  blows,  are  nicked  and  broken 
so  that  the  interior  may  be  examined  for  "  soundness,"  or  for 
such  flaws  as  fissures,  laminations,  cavities,  etc.  Fissures  which 
are  really  indicative  of  structural  defects  in  a  rail  are  sometimes 
microscopic,  even  when  a  specimen  is  carefully  cut  from  the 
rail  and  the  siu*face  polished.  The  defects  may  be  deepened 
and  accentuated  by  etching  the  surface  with  hot  concentrated 
hydrochloric  acid. 

By  agreement  between  a  railroad  and  a  rail  manufacturer, 
the  physical  test  may  be  made  by  a  quick-bend  machine  instead 
of  a  falling  weight.  Such  a  machine  is  essentially  a  hydraulic 
press  of  not  less  than  350  tons  capacity.  The  bearing  supports 
of  the  tested  rail  are  flat  surfaces,  with  vertical  faces  48  inches 
apart,  of  which  the  inner  edges  are  rounded  to  a  i-inch  radius. 
The  head  of  the  ram  has  a  bearing  surface  with  a  radius  of  five 
inches.  The  percentage  of  elongation  before  failure  may  be 
observed  as  before. 

273c.  Classification.  Rails  are  classified  as  No.  1  and  No.  2. 
No.  1  rails  are  those  with  no  injurious  defects  or  flaws.  No.  2 
rails  are  those  which  arrive  at  the  straightening  presses  more 
crooked  than  is  allowed  for  No.  1  rails  but  which,  in  the  judg- 
ment of  the  inspector,  may  be  accepted  in  spite  of  this  or  other 
minor  defects  which  do  not  impair  their  soundness  and  strength. 
No.  2  rails  must  not  exceed  5  per  cent  of  the  whole  order.  They 
must  have  their  ends  painted  white  and  have  two  prick-punch 
marks  on  the  side  of  the  web  near  the  heat  number,  near  the 
end  of  the  rail,  so  placed  as  not  to  be  covered  by  the  joint  bars. 

273d.  Branding.  The  name  of  the  manufacturer,  the  month 
and  year  of  manufacture,  and  the  weight  and  type  of  section  of 
rail  shall  be  rolled  in  raised  letters  and  figures  on  one  side  of  the 
web,  where  it  will  not  be  covered  by  joint  bars.  The  markings 
shall  be  done  so  effectively  that  the  marks  may  be  read  as  long 
as  the  rails  are  in  service.     The  type  of  section  is  indicated  by 
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A.  S.  C.  E.,  R.  A.-A.,  R.  A.-B.,  or  R.  E.,  to  indicate  one  of 
the  various  types  elaborated  in  Table  XXIII.  Open-hearth 
rails  are  branded  or  stamped  O.  U.,  in  addition  to  the  other 
marks. 

2736.  Dimensions  and  drilling.  The  standard  length  is  33 
feet  at  a  temperature  of  60°  F.  Ten  per  cent  of  the  entire  order 
will  be  accepted  in  shorter  lengths,  varying  by  one  foot  from 
32  to  25  feet.  A  variation  of  i"  from  specified  lengths  is  allowed, 
except  that  15%  of  the  order  may  vary  f "  from  specified  lengths. 
Drill  holes  may  vary  ^"  in  size  and  location  from  the  drawing? 
furnished  by  the  railroad  company.  The  reconmiended  position 
(vertically)  in  the  web  is  "  midway  between  the  intersections 
of  the  vertical  center  line  of  the  rail  with  the  planes  of  the  fishing 
surfaces  of  the  head  and  base."  The  hole  centers  should  be 
5i"  apart,  the  first  hole  center  being  2iJ"  from  the  end  of  the 
rail,  which  allows  J-inch  clearance  when  the  rails  are  bolted 
together  in  normal  position. 

273f .  Finishing.  Rails  must  be  smooth  at  the  heads,  strai^t 
in  line  and  surface,  and  without  twists,  waves  or  kinks.  The 
limiting  allowable  camber  in  a  33-foot  rail  is  "  4  inches  for  thick 
base  sections  and  5  inches  for  thin  base  sections."  They  shall 
be  sawed  square  at  the  ends,  a  variation  of  not  more  than  i" 
being  allowed.  Burrs  must  be  carefully  removed.  When  a 
finished  rail  shows  defects  at  either  end  or  in  any  driUed  hole^ 
the  entire  rail  shall  be  rejected. 

274.  Life  of  rails.  There  has  been  a  great  development  Bnnce 
1900  in  the  science  of  manufacturing  rails.  This  is  indicated  by 
the  decrease  in  rail  "  failures."  If  there  is  a  defect  in  a  lafl  it 
will  usually  break  or  '*  fail  "  before  it  is  worn  down.  If  the  defect 
Ls  serious  it  will  break  in  a  few  weeks  or  months.  Minor  defects 
require  much  longer  time  to  develop.  The  accomimDying 
tabular  form  shows  the  number  of  rail  failures  per  100  track 
miles,  after  one  to  five  years'  service,  reported  by  several  lait 
roads  of  the  United  States.  To  appreciate  the  figures,  note  thai 
there  are  32000  rails  33  feet  long  in  100  miles  of  track.  Tlie 
record  for  rails  rolled  in  1913  showed  that  after  five  3rearB'  aervioe^ 
a  total  of  24().5  per  100  miles,  or  an  average  of  0.77%,  had  failed. 
Note  that  the  increase  of  failures  per  year,  after  the  first  yeaTi 
is  regular,  as  it  should  be.  Note  also  that  there  has  been  a  steady 
improvement  in  the  figures  for  3,  4  and  5  years*  servioe,  bat 
that  since  1914  or  1915  the  failures  have  increased  Bomewhat^- 
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AVBRAQE  RAIL  FAILUBES  PER  100  TRACK  MILES 


Year 

Years  ol 

service. 

rolled. 

0 

1 

2 

3 

4 

5 

1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 

■2!6' 

1.2 
0.7 
1.6 
5.3 
1.6 
2.0 
3.9 

28  .'9 

12.5 

8.2 

8.9 

11.8 

21.6 

8.9 

14.8 

77.0 
32.1 
25.8 
19.8 
19.0 
29.2 
38.9 
27.6 

124.6 
104.4 
49.3 
44.8 
32.9 
34.2 
47.7 
66  0 

224  !i 
152.7 
133.3 

78.9 

69.5 

50.9 

53.0 

70.6 

• 

398.1 

277.8 

198.5 

176.3 

107.1 

91.9 

74.0 

82.4 

indicating  perhaps  that  war  conditions  had  lowered  the  quality 
of  the  rails.  The  reports  also  show  that  failures  are  more  com- 
mon using  Bessemer  than  open-hearth  rails,  and,  considering 
that  Bessemer  are  used  in  general  for  lighter  service,  the  ratio 
against  Bessemer  would  probably  be  greater  for  the  same  ser- 
vice. Bessemer  rails  cost  less  than  open  hearth,  and  this  fact 
is  perhaps  the  only  reason  for  their  use.  The  percentage  of 
Bessemer  rails  to  the  total  in  1913  wos  about  9.1%;  in  1918 
the  percentage  was  reduced  to  2.7%.  These  figures  are  based 
on  reports  made  to  the  A.  R.  E.  A.  Presumably  complete  statis- 
tics (imobiainable)  would  show  a  somewhat  larger  percentage 
of  Bessemer  rails,  used  on  small  roads  which  did  not  make 
reports,  but  the  above  figures  show  that  open-hearth  rails  are 
considered  to  be  superior  in  spite  of  the  higher  price. 

275.  Intensity  of  pressure  on  rails.  A  special  committee  of 
the  A.  R.  E.  A.  made  an  investigation  to  determine  the  inten- 
sities of  pressure  produced  by  varying  wheel  loads  on  the  head 
of  a  rail  and  also  the  amount  of  permanent  deformation  or 
"  flow  "  of  the  metal.  The  testing  mechanism  made  it  possible 
to  increase  the  "  wheel  load  "  up  to  580,000  lbs.,  a  figure  about 
30  times  as  great  as  the  greatest  working  wheel  load.  The  unit 
intensity  of  pressure  increased  with  an  increase  of  the  wheel  load 
from  zero  up  to  about  30,000  lbs.  At  that  figure,  which  corre- 
sponds to  an  axle  load  of  60.000  lbs,,  or  nearly  the  maximum 
of  present  practice,  the  unit  intensity  of  pressure  reached  its 
mftvimimn  and  remained  substantially  constant  while  the  wheel 
load  was  increased  from  30^000  to  580,000  lbs.    In  other  words. 
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the  area  of  contact  increased  as  fast  as  the  pressure  increased. 
This  maximum  average  imit  pressure  varied  considerably  with 
the  different  rails  tested,  although  it  was  nearly  constant  for  any 
one  rail.  The  unit  values  varied  from  105,000  to  160,000  Ibe.  per 
square  inch. 

275a.  Flow  of  metal.  The  permanent  defonnation  of  the 
metal  was  measured  by  noting  the  reduction  in  the  horuontal 
and  vertical  diameters  of  very  small  tapering  holes  drilled  into 
the  head  of  the  tested  rail  slightly  below  the  bearing  surface.  JThe 
testing  wheel  was  caused  to  roll  over  the  tested  rail  several 
himdred  thousand  times.  In  one  test  the  initial  load  was  15,000 
lbs.,  increasing  by  steps  up  to  30,000  lbs.  Up  to  a  load  of 
20,000  lbs.  no  permanent  deformation  of  the  holes  was  qheerv' 
able.  With  a  load  of  25,000  lbs.  a  slight  set  was  observable 
which  grew  more  rapid  when  the  load  was  increased  to  30,000 
lbs.  But  even  then  the  deformation  was  not  as  great  as  it  was 
in  another  test  when  the  initial  loading  was  30,000  lbs.  This 
indicates  that  the  effect  on  a  rail  of  continued  roUing  pressure 
of  less  than  20,000  lbs.,  or  40,000  lbs.  per  axle,  is  to  hardieii  the 
surface  metal  and  make  it  better  able  to  withstand  wear.  Hub 
seems  to  be  corroborated  by,  and  also  explains,  the  remarkable 
wearing  qualities  of  many  old  rails  which  were  surfaced-hardened 
by  comparatively  light  loads  and  which  subsequently  earned 
much  heavier  loads  with  less  wear  than  new  rails. 
-^  276.  Rail  wear  on  tangents.  The  weight  carried  by  a  sin^ 
engine  driver  is  often  from  24,000  to  30,000  lbs.  Each  of  tiie 
ciglit  wheels  of  a  140,000-lb.  capacity  coal  car,  when  loaded, 
carries  nearly  25,000  lbs.  Such  loads  will  certainly  cause  a 
flow  of  metal,  as  shown  by  the  laboratory  test  above  described, 
but  a  four-weeks'  serv^ice  test  on  the  same  test  rails  (referred  to 
above)  showed  a  flow  of  metal  as  indicated  in  Fig.  120,  the  flow 
being  considerably  greater  tlian  that  produced  in  the  laboratory 
tests  with  the  same  weight  and  number  of  rollings.  The  aver- 
age wheel  load  in  the  service  test  was  much  less  than  the  nuud- 
mum  in  the  laboratory  tests,  but  the  greater  effect  was  probably 
due  to  the  great  variety  of  wheel  treads  making  different  fom 
of  contact  between  rail  and  tread,  with  occasional  great  oqih 
centration  of  ])rossure.  But  Fig.  120  shows  the  typical  nomiil 
wear  of  a  rail  on  a  tangent,  the  wear  being  all  on  the  top.  Tin 
center  of  ))ressure  is  usually  about  one-half  inch  inside  from  tbe 
center  of  the  rail  and  is  inclined  outward.    The  wear  is  appraiH 
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mately  symmetrical  with  this  axis.  Fig.  120  also  shows  the 
flx>w  of  metal  outside  of  the  original  contour,  which  all  occurred 
on  the  gauge  side.  Very  soft  badly  worn  rails  may  show  a  fin 
on  the  outside. 


Fig.  120. — Rail  Wear  on  a  Fig.  121. — Rail  Wear  on  Curves. 

Tangent. 

276a.  Rail  wear  on  curves.  The  pressure  and  grinding  action 
of  the  wheel  flanges  against  the  rails  wears  away  the  inner  side 
of  the  head  of  the  outer  rail  on  curves.  If  the  rail  is  left  in  the 
track  and  the  wear  is  permitted  to  continue,  the  head  may  be 
worn  to  approximately  the  form  shown  in  Fig.  121.  On  the 
other  hand,  the  inner  rail  is  not  subjected  to  any  such  lateral 
grinding  action,  and  the  rail  is  worn  to  substantially  the  same 
form  as  on  a  tangent,  but  the  wear  is  more  rapid  due  to  the 
longitudinal  slipping — see  §  395.  If  the  rails  are  soft  or  the 
traffic  very  heavy,  there  will  be  a  flow  of  metal  and  a  fin  will 
form  on  the  inner  edge  and  perhaps  also  on  the  outer  edge. 

277.  Experimental  determination  of  rail  wear.  Several  years 
ago  a  series  of  tests  for  rail  wear  were  made  on  the  Northern 
Pacific  R.  R.  by  taking  up,  weighing,  and  replacing,  each  year, 
the  several  groups  of  rails  under  test.  Some  of  these  rails  were 
on  tangents,  the  others  on  curves  of  various  curvature.  Some 
of  the  rails  of  each  group  were  made  of  Bessemer  steel,  the  others 
of  open-hearth  steel.  No  tests  were  made  to  determine  the  loss 
of  weight  thrdugh  mere  oxidation.  All  of  the  rails  were  in  service 
for  five  years  and  some  lasted  for  six  years  or  more,  but  the  loss 
in  weight  during  the  sixth  year  was  nearly  always  equal  to,  and 
in  some  cases  twice  as  much  as,  the  loss  during  the  preceding 
five  years.  Some  of  the  rails  lost  over  10%  of  their  weight,  or 
about  one-fourth  the  weight  of  the  head,  before  being  removed. 
Although  the  tests  were  too  few  to  establish  any  positive  laws, 
some  tendencies  which  may  be  observed  will  give  at  least  an 
approximate  idea  of  the  laws  of  rail  wear. 

1.  The  average  loss  of  weight  during  the  first  five  years  oa 
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20  rails  on  tangents  was  0.412  lb.  per  yard  per  10,000,000  toD9 
of  traffic. 

2.  Ten  of  these  same  rails  were  kept  in  place  at  least  one  yeat 
longer  and  during  the  sixth  year  lost  almost  twice  as  much  metal 
as  during  the  previous  five  years;  in  other  words,  about  two- 
thirds  of  the  entire  loss  occurred  during  the  sixth  year. 

3.  The  average  loss  of  weight  during  the  first  five  years  from 
20  rails  on  a  tangent  was  0.463  lb.  per  yard  per  10,000  trains. 
The  relation  between  mere  tonnage  and  number  of  trains  oould 
not  be  even  indicated  by  so  few  tests.  There  is  reason  to  believe 
that  engine  drivers  are  more  responsible  for  rail  wear  than  mere 
car-wheel  tonnage.  This  practically  means  that  one  effect  of 
grade  is  to  increase  rail  wear,  since  more  (or  heavier)  engines 
are  needed  to  haul  a  given  car  tonnage. 

4.  The  wear  of  the  outer  rail  of  curves  is,  of  course,  far  greater 
than  that  of  the  inner  rail,  but  the  figures  obtained  did  not  seem 
to  follow  any  rational  law,  the  ratio  of  outer  to  inner  rail  wear 
varying  from  144  to  244%,  with  an  average  of  182%. 

5.  The  average  rail  wear  on  curves,  averaging  inner  and  outer 
rails,  per  yard,  per  degree  of  curve,  per  10,000,000  tons  traffici 
varied  from  0.145  lb.  for  a  4°  04'  curve  down  to  0.102  lb.  per 
degree  for  a  10°  13'  ciu^e.  Based  on  the  four  curves  tested,  the 
results  seemed  to  point  to  the  law  that  rail  wear  on  curves  does 
not  increase  as  fast  as  the  degree  of  the  ciure. 

6.  Although  the  tests  were  too  few  to  establish  any  law,  the 
increase  of  the  mean  rail  wear  on  curves  with  increase  in  degree 
of  curve  was  very  regular  and  indicated  that  the  average  rail 
wear  on  a  curve  of  about  6°  40'  is  about  twice  as  great  as  that 
on  a  tangent. 

7.  The  wear  on  open-hearth  rails  was  almost  invariably  kflB 
than  that  on  Bessemer  rails,  under  identical  conditions. 

378.  Cost  of  rails.  In  1873  the  cost  of  steel  rails  was  about 
$120  per  ton,  and  the  cost  of  iron  rails  about  $70  per  ton. 
Although  the  steel  rails  were  at  once  recognized  as  superior  to 
iron  rails  on  account  of  more  uniform  wear,  they  were  an 
sive  luxury.  The  manufacture  of  steel  rails  by  the 
process  created  a  revolution  in  prices,  and  they  steadily  dropped 
in  price  until,  many  years  ago,  steel  rails  were  manufactured 
and  sold  for  $22  per  ton.  For  several  years  since  then  the  |xiee 
was  very  uniform  at  $28  per  ton  at  the  mill.  But  now  (1921) 
the  advantages  of  open-hearth  steel  are  better  appreciated  and 
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a  large  proportion  of  rails  are  being  rolled  from  open-hearth 
steel,  which  commands  about  $2  per  ton  more.  At  present 
(1921)  the  current  prices  at  Pittsburgh  mills  nm  at  about  $38 
per  ton  for  Bessemer  and  $40  for  open-hearth. 

There  is  no  longer  any  demand  for  iron  rails,  since  the  cost 
of  manufacturing  them  is  substantially  the  same  as  that  of  steel 
rails,  while  their  durability  is  unquestionably  inferior  to  that 
of  steel  rails.  Rail  quotations  are  generally  on  the  basis  of 
"  long  tons  "  of  2240  lbs. 

The  freight  charge  for  transporting  rails  from  the  mill  to  the 
place  where  used  is  usually  so  large  that  it  adds  a  very  appreci- 
able amoimt  to  the  cost  per  ton.  As  an  approximation,  the 
freight  may  be  estimated  as  0.6  cent  per  ton-mile,  or  $3.00  per 
ton  for  a  haul  of  500  miles. 


CHAPTER  X. 

RAIL-FASTENINGS. 

RAIL-JOINTS 

^279.  Theoretical  requirements  for  a  perfect  joint.     A  perfect 

rail-joint  is  one  that  has  the  same  strength  and  stiffness — ^no 
more  and  no  less — as  the  rails  which  it  joins,  and  i/^hlch  will 
not  interfere  with  the  regular  and  uniform  spacing  of  ties.  It 
should  also  be  reasonably  cheap  both  in  first  cost  and  in  cost  of 
maintenance.  Since  the  action  of  heavy  loads  on  an  elastic  nil 
is  to  cause  a  wave  of  translation  in  front  of  each  wheel,  any 
change  in  the  stiffness  or  elasticity  of  the  rail  structure  will 
cause  more  or  less  of  a  shock,  which  must  be  taken  up  and 
resisted  by  the  joint.  The  greater  the  change  in  stiffness  tlie 
greater  the  shock,  and  the  greater  the  destructive  action  of  the 
shock.  The  perfect  rail-joint  must  keep  both  rail-ends  truly  in 
line  both  laterally  and  vertically,  so  that  the  flange  or  tread  of 
the  wheel  need  not  jump  or  change  its  direction  of  motion  sud^ 
denly  in  passing  from  one  rail  to  the  other.  A  consideration  of 
all  the  above  requirements  will  show  that  only  a  perfect  welding 
of  rail-ends  would  produce  a  joint  of  uniform  strength  and  stiff- 
ness which  would  give  a  uniform  elastic  wave  ahead  of  each 
wheel.  As  welding  is  impracticable  for  ordinary  railroad  woric 
(see  §  271),  some  other  contrivance  is  necessary  which  will 
approach  this  ideal  as  closely  as  may  be. 
'  280.  Efficiency  of  any  type  of  rail-joint  Throughout  the 
middle  portion  of  a  rail  the  rail  acts  as  a  continuous  guder.  If 
we  consider  for  simplicity  that  the  ties  are  unyielding,  the  deflec- 
tion of  such  a  continuous  girder  between  the  ties  will  be  but 
one-fourth  of  the  deflection  that  would  be  found  if  the  rail  were 
cut  half-way  between  the  ties  and  an  equal  concentrated  load 
were  divided  equally  between  the  two  unconnected  ends.  The 
maximum  stress  for  the  continuous  girder  would  be  but  one-half 
of  that  in  the  cantilevers.  Joining  these  ends  with  nul-jointa 
will  give  the  ordinary  "suspended"  joint.    In  order  to 
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tain  uniform  strength  and  stiffness  the  rail-joint  must  supply  * 
the  deficiency.  These  theoretical  relations  are  modified  to  an 
unkown  extent  by  the  uncertain  and  variable  yielding  of  the 
ties.  Since  a  theoretically  perfect  joint  is  unattainable,  on 
accoimt  of  the  necessity  for  allowing  for  expansion,  the  nearest 
approach  appears  to  be  a  joint  which,  when  tested  in  comparison 
with  a  solid  rail  on  an  equal  span  (20  inches),  will  withstand 
an  equal  load  before  permanent  set  takes  place.  Some  very 
thorough  tests  of  several  types  of  joints  were  made  on  this  basis 
by  the  Pennsylvania  R.  R.  at  Altoona  in  1915.  The  t3T>es 
tested  were  plain  angle-bars,  the  "  Continuous,"  the  "  Bonzano," 
the  "  100-per-cent,"  (see  Plate  VII)  and  also  the  "  Duquesne," 
which  is  similar  to  the  Bonzano  and  the  100-per-cent,  except 
that  the  fin  which  projects  below  the  rail  between  the  ties  has 
a  different  form.  The  "  efficiency  "  of  these  joints  was  com- 
puted as  the  ratio  of  the  load  carried  by  the  joint  when  it  began 
to  fail  (or  when  permanent  set  commenced)  to  the  load  carried 
by  the  solid  rail  when  it  began  to  fail.  The  efficiencies  for 
these  joints,  as  ordinarily  used,  tested  from  29%  to  64%. 
Tests  were  also  made  of  "  heat-treated "  joints  (see  §  285) 
which  showed  efficiencies  from  60  to  150%  higher  than  the 
untreated  joints,  the  efficiencies  being,  in  nearly  every  case, 
over  100%.  The  heat  treatment  costs  about  0.2  c.  per  pound 
or  say  16  c.  for  an  80-lb.  pair.  The  added  efficiency  is  so 
well  worth  the  added  cost  that  the  use  of  heat  treated 
splice  bars  is  becoming  more  common  and  may  soon  become  ; 
standard.  J 

281.  Effect  of  rail  gap  at  joints.  It  has  been  found  that  the 
jar  at  a  joint  is  due  almost  entirely  to  the  deflection  of  the  joint 
and  scarcely  at  all  to  the  small  gap  required  for  expansion. 
This  gap  causes  a  drop  equal  to  the  versed  sine  of  the  arc  having 
a  chord  equal  to  the  gap  and  a  radius  equal  to  the  radius  of 
the  wheel.  Taking  the  extreme  case  (for  a  30-foot  rail)  of  a 
f "  gap  and  a  33"  freight-car  wheel,  the  drop  is  about  T^finJ^"' 
In  order  to  test  how  much  the  jarring  at  a  joint  is  due  to  a  gap 
between  the  rails,  the  experiment  was  tried  of  cutting  ^hallow 
notches  in  the  top  of  an  otherwise  solid  rail  and  running  a  loco- 
motive and  an  inspection  car  over  them.  The  resulting  jarring 
was  practically  imperceptible  and  not  comparable  to  the  jar  pro- 
duced at  joints.  Notwithstanding  this  fact,  many  plans  have 
been  tried  for  avoiding  this  gap.    The  most  of  these  plans  con- 
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gist  essentially  of  some  form  of  compoimd  rail,  the  sectioDfl 
breaking  joints.  (Of  course  the  design  of  the  compound  nil 
has  also  several  other  objects  in  view.)  In  Fig.  122  are  shown  a 
few  of  the  very  many  designs  which  have  been  proposed.  These 
designs  have  invariably  been  abandoned  after  trial.  Another 
plan,  which  has  been  extensively  tried  on  the  Lehi^  Vallqr 
R.  R.,  is  the  use  of  mitered  joints.  The  advantages  gained  l^ 
their  use  are  as  yet  doubtful,  while  the  added  expense  is  unques- 
tionable.   The  "  Roadmasters  Association  of  America  "  in  1805 
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adopted  a  resolution  recommending  mitered  joints  for  douMe 
/  track,  but  their  use  has  been  abandoned. 
J  282.  "  Supported,"  '*  suspended,"  and  "  bridge  "  jointi.  A 
joint  Is  "  supported  "  when  a  tie  is  placed  immediately  under 
the  middle  of  the  joint.  The  localized  traflSc  stress  at  the  joint 
must  be  carried  almost  exclusively  by  that  one  tie  and  compaia- 
tivcly  Httle  is  carried  by  the  adjacent  ties.  A  "suspended" 
joint  Ls  located  symmetrically  between  two  ties,  which  share 
equally  the  localized  stress.  Formerly  there  was  a  considenible 
proportion  of  railroad  engineers  who  favored  supported  joints^ 
but  now  the  suspended  joint  is  almost  universally  the  stand- 
ard. 

"  Bridge  "-joints  are  similar  to  suspended  joints  in  that  the 
joint  is  supported  on  two  tics,  but  there  is  the  important  differ- 
ence that  the  bridge  joint  supports  the  rail  from  undcmeoiA  and 
there  is  no  transverse  stress  in  the  rail,  whereas  the  sinpended 
joint  requires  the  combined  transverse  strength  of  both'angi^ 
bars  and  rail.  The  "  Fisher  "  bridge  joint,  now  seldom  seen, 
is  purely  of  this  type,  only  two  bolts"  being  used  to  hold  the  mfl 
ends  together.  But  the  principle  of  supporting  the  baJse  of  tiie 
rail  is  seen  in  the  Wolhaupter,  the  Weber,  the  Continuous  and 
the  Atlas.  Sec  Plate  VII.  Although  some  of  these  forins  are 
in  extensive  use,  the  angle-bar  (see  §  284)  is  the  standard  on  a 
largo  proportir^n  of  the  mileage  of  the  coimtry. 

283.  Failures  of  rail-joints.  An  instructive  report  was  made 
in  1915  by  an  Engineer  of  Tests  of  the  Pennsylvania  ft.  R.  on 


§  284.  RAIL-FASTENINGS.  317 

an  examination  of  d60  angle-bars,  found  in  a  scrap  pile,  to  deter- 
mine the  various  causes  for  their  removal  from  the  track.  The 
various  causes  were  classified  imder  five  headings,  the  typical 
failures  being  illustrated  in  Fig.  123.  (1)  Abrasion  on  the 
top  fishing  surface,  the  depth  of  wear  varying  from  ^"  to  ^" 
and  extending  perhaps  8  inches  each  way  from  the  center.  On 
short  4-hole  bars  the  wear  is  almost  wholly  in  the  center;  on 
the  longer  6-hole  bars,  wear  is  also  found  near  the  ends  of  the 
bar.  Such  wear  demonstrates  the  amount  of  working  and  grind- 
ing which  evidently  takes  place  when  a  joint  is  depressed  under 


Fig.  123. — Diagram  of  Types  of  Breaks  of  Angle-Bars. 

traffic.  This  is  the  only  form  of  actual  wear  which  occurs. 
24%  of  the  960  bars  were  removed  for  this  cause.  (2)  When 
a  joint  bar  is  very  long,  the  stresses  in  the  bar  may  be  reversed 
and  there  may  be  tension  in  the  top  and  a  break  may  start  at 
the  top  and  continue  down,  usually  into  a  bolt  hole.  Less  than 
5%  of  the  failures  were  of  this  class.  (3)  and  (4).  Usually  a 
crack  starts  at  the  bottom  and  may  or  may  not  extend  to  a 
bolt  hole.  Usually  the  crack  starts  from  a  spike  slot  or 
from  the  re-entrant  angle  at  either  end  of  a  depending  flange. 
If  the  cracked  bar  is  permitted  to  remain  in  the  track,  the 
crack  of  (2),  (3)  or  (4)  develops  into  a  complete  break  (5). 
44%  of  the  960  bars,  or  59%  of  all  but  No.  1,  were  complete 
breaks. 

284.  Standard  angle-bars.  An  angle-bar  must  be  so  made 
as  to  closely  fit  the  rails.  The  great  multiplicity  in  the  designs 
of  rails  (referred  to  in  Chapter  IX)  results  in  a  corresponding 
variety  in  the  detailed  dimensions  of  the  angle-bars.  The  abso- 
lutely essential  features  required  for  a  fit  are  (1)  the  angles 
of  the  upper  and  lower  surfaces  of  the  bar  where  they  fit  against 
the  rail,  and  (2)  the  height  of  the  bar.  The  bolt-boles  in  the 
bar  and  rail  must  also  correspond.  The  holes  in  the  angle-bars 
are  elongated  or  made  oval,  so  that  the  track-bolts,  which  are 
made  of  eorresponding  shape  immediately  under  the  head,  will 
not  be  turned  by  jarring  or  vibration.     The  holes  in  the  rails 
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are  made  of  larger  diameter  (by  about  i^'O  than  the  bolts,  so  as 
to  allow  the  rail  to  expand  with  temperature. 

In  Table  XXIV  and  in  Fig.  124  are  shown  the  ani^oe  ami 
dimensions  for  angle-bars  to  fit  the  standard  rail  sections  shofwn 
in  §  267.  Note  that  the  dimension  a  for  the  angle-bar  cone- 
sponds  with  dimension  F  for  the  rail  and  that  Ra  and  the  angle  a  are 
the  same  for  both  for  each  type  of  rail.  These  dimensions  were 
copied  from  the  1916  Handbook  of  the  Carnegie  Sted  Co, 
Although  they  correspond  perfectly  with  the  rail  standards  of  tiie 


Fia.  124. — Standard  Angle  Bab. 


A.  R.  E.  A.,  that   association   hah   not   yet   adopted  any  audi 
definite  standard  dimensions  for  a  rail-joint. 

The  standard  drilling  for  bolt-holes  in  angle-bar,  as  adopted 
by  the  A.  R.  E.  A.  in  1914,  is  as  follows: 

For  6-bolt  splices,  5  spaces  of  5J  inches. 
For  4-bolt  splices,  3  spaces  of  6  J  inches. 

No  definite  recommendation  was  made  by  the  Associatioiii  as 
to  the  total  length  of  angle-bars,  but  the  committee  xeoonH 
mended  that,  on  the  basis  of  the  abo\  e  spacing  of  holes,  24  indM 
is  a  satisfactory  length  for  a  4-bolt  splice  and  32  inches  far  a 
6-bolt  splice,  in  both  cases  using  suspended  joints.  On  this 
basis,  the  spacing  from  the  center  of  the  last  hole  to  the  end  of 
the  bar  would  be  3|  inches  for  the  4-bolt  splice  and  2i  inches  for 
the  6-bolt  splice. 

In  Plate  VII  are  shown  some  of  the  many  designs  which  have 
been  competing  for  favor  and  which  have  been  more  or  ka 
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extensively  tried  out  for  both  steam  and  dectrio  railroad 
While  many  thousands  in  the  aggregate  have  been  placed 
various  roads,  no  one  design  has  succeeded  in  displacing 
angle-bar.     There  are  necessarily  as  many  variations  in 
details  of  the  angle-bars  as  there  are  variations  in  the  sixes 
rails,  beside  other  slight  variations,  but  all  crossH9ections 
similar  to  that  shown  in  Fig.  124.    This  general  design 
ably  represents  the  majority  of  all  the  angle-bars  in  the  cpuntiy. 

285.  Specifications  for  steel  angle-bars.    Formerly  thiBBe 
made  of  either  Bessemer  or  open-hearth  steel.    Now  (1921), 
specifications  of  the  A.  E.  R.  A.  require  open-heartlj  steel 
sively.    Three  grades  are  used:  "  high  carbon  steel,"  " 
carbon,"  and  "  quenched  alloy  steel."    The  special 
in  addition  to  the  usual  requirements  about  accuracy  of 
manship,  branding,  inspection,  etc.,  are  as  follows:   pi 
not  to  exceed  0.04%;  quenched  bars  must  have  carbon 
0.42  and  0.55%,  but  1.00%  of  nickel  or  0.35%  of  chromium 
be  considered  the  equivalent  of  0.07%  of  carbon.    The  pi 
requirements  are : 


High 
carbon 
steel.  ■ 


Quenched 
carbon. 


Quenehfldj 
•Jloy 
■taeL 


Tensile  strength,  min.,  lbs.  per  sq.  in. 

Elastic  limit,  lbs.  per  sq.  in 

Klongation,  per  cent  in  2  inches,  min . 


100,000     110,000 
70.000  I    ssjam 

1,600,000 +teM.i 
min.  12% 


All  grades:    cold  bending  test,  90°,  on  aro  with  diameter  three 
thickness  of  tested  piece. 

All  pimching,  slotting  and  shaping  is  to  be  done  at  a  tern] 
ature  not  less  than  800°  C.  or  1470°  F.  Quenching  shall  be 
in  a  bath  of  oil  (or  water,  if  specified)  having  a  temperature 
810°  C.  (1490°  F.)  and  kept  in  the  bath  imtU  cool  enoufl^ 
handle. 

TIE-PLATES. 

286.  Advantages,     (a)  As  already  indicated  in  f  242»  the 
of  a  soft-wood  tie  is  very  much  reduced  by  "  rail-cutting  " 
"spike-killing,"   such  tics  frequently  requiring  renewal 
before  any  serious  decay  has  set  in.    It  has  be  in 
demonstrated  that  the  "  rail-cutting ''  is  not  due  to  the 
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mately  symmetrical  with  this  axis.  Fig.  120  also  shows  the 
flow  of  metal  outside  of  the  original  contour,  which  all  occurred 
on  the  gauge  side.  Very  soft  badly  worn  rails  may  show  a  fin 
on  the  outside. 


Fia.  120. — Rail  Wear  on  a  Fig.  121. — Rail  Wear  on  Curves. 

Tangent. 

276a.  Rail  wear  on  curves.  The  pressure  and  grinding  action 
of  the  wheel  flanges  against  the  rails  wears  away  the  inner  side 
of  the  head  of  the  outer  rail  on  curves.  If  the  rail  is  left  in  the 
track  and  the  wear  is  permitted  to  continue,  the  head  may  be 
worn  to  approximately  the  form  shown  in  Fig.  121.  On  the 
other  hand,  the  inner  rail  is  not  subjected  to  any  such  lateral 
grinding  action,  and  the  rail  is  worn  to  substantially  the  same 
form  as  on  a  tangent,  but  the  wear  is  more  rapid  due  to  the 
longitudinal  slipping — see  §  395.  If  the  rails  are  soft  or  the 
traffic  very  heavy,  there  will  be  a  flow  of  metal  and  a  fin  will 
form  on  the  inner  edge  and  perhaps  also  on  the  outer  edge. 

277.  Experimental  determination  of  rail  wear.  Several  years 
ago  a  series  of  tests  for  rail  wear  were  made  on  the  Northern 
Pacific  R.  R.  by  taking  up,  weighing,  and  replacing,  each  year, 
the  several  groups  of  rails  under  test.  Some  of  these  rails  were 
on  tangents,  the  others  on  curves  of  various  curvature.  Some 
of  the  rails  of  each  group  were  made  of  Bessemer  steel,  the  others 
of  open-hearth  steel.  No  tests  were  made  to  determine  the  loss 
of  weight  thrbugh  mere  oxidation.  All  of  the  rails  were  in  service 
for  five  years  and  some  lasted  for  six  years  or  more,  but  the  loss 
in  weight  during  the  sixth  year  was  nearly  always  equal  to,  and 
in  some  cases  twice  as  much  as,  the  loss  during  the  preceding 
five  years.  Some  of  the  rails  lost  over  10%  of  their  weight,  or 
about  one-fourth  the  weight  of  the  head,  before  being  removed. 
Although  the  tests  were  too  few  to  establish  any  positive  laws, 
some  tendencies  which  may  be  observed  will  give  at  least  an 
approximate  idea  of  the  laws  of  rail  wear. 

1.  The  average  loss  of  weight  during  the  first  five  years  ox^ 
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of  the  rail  on  the  tie,  even  with  a  maxiroutn  load  on 
but  ia  due  to  the  impact  resulting  from  vibration  and 
cmgitudinal  working  of  the  rail.  It  has  been  proved 
i  rail-cutting  is  practically  prevented  by  the  use  of  tie- 

(^)  On  curvss  there  is  a  tendency  to  overturn  the  outer 
I  to  the  lateral  pressure  on  the  side  at  the  bead. 
iduces  a  concentrated  pressure  of  the  outer  edge  of  the 
the  tie  which  produces  rail-cutting  and  also  draws  the 
ikea.     Formerly  the  only  method  of  guarding  against 

by  the  use  of  "rail-braces,"  one  pattern  of  which  is 
1  Fig.  125.  But  shoulder  tie-plates  serve  the  purpose 
l,ter  and  rail-braces  are 
Bed  for  guard  rails  and 
[a  at  switches,  (c)  Driv- 
»  through  holes  in  the 
ahlei  the  spikes  on  each 
:he  roil  to  mutually  sup- 
:h  other,  no  matter  in 
literal)  direction  the  rail 
I  to  move,  and  this  prob- 
ounts  .  in  large  measure 
idded  stability  obtained 
le  of  tie-plates,    (rf)  The 

ipikea,  called  "  necking,"       Fio.  125. — Atlas  Bbucb  K. 
ly  the  vertical  vibration 

il  against  them,  ia  very  greatly  reduced,  (e)  The  cost  is 
ill  compared  with  the  value  of  the  added  life  of  Ibc  tie, 
1  reduction  in  the  work  of  track  maintenance,  and  the 
■  running  on  the  better  track  which  is  obtained.  It  has 
imated  that  by  the  use  of  tie-plivtes  the  Ufe  of  hard- 
s  is  increased  from  one  to  three  years  and  the  life  of 
i  ties  is  increased  from  three  to  six  years.  From  the 
ure  of  the  case,  the  value  of  tie-plates  is  greater  when 
used  to  protect  soft  ties. 

Ilements  of  the  design.  The  Am.  Rwy,  Eng.  Assoc,  has 
eae  principles  in  its  Manual,  as  follon-s: 
late  J  shall  not  be  less  than  G  incLies  in  width,  and  as 
ier  as  consistent  with  the  clnss  of  ties  to  l)e  used."  The 
wide  tie  presumes  heavy  traffic  and  heavy  wheel  loads 
refore,  a  width  as  great  as  the  face  of  the  tie,  up  to  at 
it  inches,  has  been  recommended. 
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2.  "  The  length  of  the  plates  [parallel  with  the  length  of  the 
tie]  shall  not  be  less  than  the  safe-bearing  area  of  the  ties  divided 
by  the  width  of  the  plate,  and,  when  made  for  screw  spikes,  shall 
be  so  shaped  as  to  provide  proper  support  for  the  screw  spikes." 
335  lbs.  per  square  inch  is  declared  to  be,  by  test,  the  minimiiTn 
safe-bearing  load.  Tie-plates  sometimes  sink  quickly  and  deeply 
into  the  tie,  thus  proving  that  the  area  is  inadequate  for  the  wheel 
loads  and  traffic  on  them. 

3.  "  The  thickness  of  the  plate  shall  be  properly  proporticBwd 
to  the  length."  Tie-plates  have  been  used  as  thin  as  A  inch, 
but  it  is  now  being  realized  that  the  real  function  of  the  plate 
is  to  be  a  hearing  plate  which  shall  distribute  the  load,  ratha 
than  a  mere  surface  plate  which  shall  protect  the  tie  from  abra- 
sion. The  Track  Conunittee  of  the  A.  R.  £.  A.  recommended 
that  the  plates  should  be  at  least  f  inch  thick  under  either  edge 
of  the  rail.  Although  the  Association  refused  to  concur,  the 
discussion  developed  the  fact  that  the  thin  plates  formerly  used 
have  been  found  to  be  too  thin  and  that  thicker  plates  are  nun 
satisfactory. 

4.  Height  of  shoulder.  The  height  of  "  at  least  ^inch  "  was 
recommended  in  the  1915  Manual.  The  Track  Committee  has 
since  then  recommended  that  the  height  should  "not  be  less 
than  J"  nor  more  than  -|". 

5.  "  Where  treated  ties  are  used  or  where  plates  are  for  screw 
spikes,  a  flat-bottom  plate  is  preferable.  Where  ribs  of  any  kind 
are  used  on  base  of  plate,  these  shall  be  few  in  number  and  not  to 
exceed  I  inch  in  depth.''  This  specification  is  in  direct  oontrast 
to  the  older  designs  which  had  been  corrugations  and  evm 
"  claws  "  which  were  forced  deeply  into  the  tie,  in  order  to  andior 
the  plate  immovably  to  the  tie.  But  experience  has  proved  that 
these  corrugations  hasten  deterioration.  In  spite  of  this,  the 
type  using  claws  (see  Fig.  126)  is  still  the  standard  on  some  roads. 

6.  "  Punching  must  correspond  to  the  slotting  in  the  qiliea- 
bars  and,  where  advisable,  may  be  so  arranged  that  the  plates 
may  be  used  for  joints.  Spike  holes  may  be  punched  for  vazying 
widths  of  rail  base  where  the  slotting  will  permit  such  pmuafaing 
without  the  holes  interfering  with  each  other  and  when  the  plate 
is  of  such  design  that  the  additional  holes  will  not  imiMur  the 
strength  of  the  plate." 

Tie-plates  are  variously  made  of  steel,  wrought  iron  and  maDi^ 
able  iron.    Tie-plates  are  peculiarly  subject  to  rusty  ■TtufaBy 
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B  an  effect  of  brine  drippinga  from  refrigerator  c^ars.  The 
omp&rative  immunity  from  mat  of  malleable  iron  explains  its 
se  for  this  purpose.  The  specifications  for  steel  and  wrought 
"on  are  eimilar  to  other  physical  tests  for  such  a  metal  when 
Dughness  rather  than  high  ultimate  strength  is  desired.  The 
i&lleable  iron  tie-plates  have  lugs  cast  on  them  for  testing  puF- 
oses.  When  this  lug  is  broken  off,  it  must  not  break  easily,  "ba 
net  iron,  but  must  show  toughness.  The  fracture  must  show  a 
arrow  band  of  white  metal  on  the  surface,  the  center  portion 
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eing  dark  and  fiberleaa.  The  plates  must,  when  tested,  bend 
ifficiently  to  prove  thorough  annealing. 

The  holes  in  a  tie-plate  should  be  about  iV"  larger  than  the 
le  of  the  intended  spike.  The  length  of  the  plate,  perpendicular 
D  the  rail,  should  be  8^  to  11  in.,  the  extension  on  the  outside 
r  the  rail  base  being  J"  to  li"  more  than  that  on  the  inside, 
'or  very  heavy  traffic  the  thickness  should  be  |"  to  j";  torlighier 
raffic  tbey  may  be  as  thin  as  f ".  Flat-bottom  plates  should 
e  at  least  J"  thick;  comigatod  plates,  being  somewhat  stifier. 
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may  be  thinner  for  the  same  .service.  The  tie-plates  over  the  joint 
tiejs  must  be  somewhat  longer  than  the  intermediates,  in  order 
to  allow  for  the  extra  Icn^h  from  out  to  out  of  the  angle-plates. 

288.  Method  of  setting.  A  very  important  detail  in  the 
process  of  setting  the  tie-plates  on  the  ties  is  that  the  l^atei 
should  be  rigidly  attached  to  the  ties  in  their  intended  positioD 
during  the  process  of  setting.  If  tie-plates  with  flat  bottomi 
are  used,  the  surface  of  the  tie  must  be  adzed,  so  that  it  is  not 
only  plane  but  level,  so  tiiat  there  will  be  no  danger  that  the 
plate  will  rock  on  the  tie.  When  using  tie-plates  which  are 
corrugated  on  the  inider  surface,  it  is  necessary  to  force  them 
into  the  tie  until  the  under  side  of  the  plate  is  flush  with  the 
surface  of  the  tie.  This  requires  a  pressure  of  several  thousand 
pounds.  Sometimes  trackmen  have  depended  on  the  easy 
process  of  waiting  for  passing  trains  to  force  the  corrugations 
into  the  tie  until  the  ])late  is  in  its  intended  position.  Until 
the  plates  are  finally  set  the  spikes  cannot  be  driven  home, 
and  this  apparently  cheap  and  easy  process  generally  results 
in  loose  spikes  and  rails.  The  best  method  for  new  work  is 
to  drive  the  plates  into  the  tie  before  setting  the  tie  in  position. 
A  tie-plate  gauge  holds  both  tie-plates  in  their  proper  relative 
position,  and  both  plates  may  be  driven  by  the  use  of  heavy 
beetles.  When  it  is  necessary  to  place  the  plate  under  the  rail 
and  drive  it  in,  it  is  somewhat  difficult  to  drive  it  by  striking 
the  plate  with  a  swage  on  each  side  of  the  rail  alternately. 
When  it  is  struck  on  one  side,  the  other  side  flies  up  imfess  held 
down  by  a  wedge  driven  between  the  plate  and  the  rail  on  the 
other  side  of  the  rail.  A  straddler,  which  straddles  the  rail 
somewhat  like  an  inverted  I^^,  is  very  useful  for  this  purposB^ 
since  it  makes  it  possible  to  strike  the  head  of  the  straddler  and 
force  down  both  sides  of  the  plate  at  once.  The  Southem 
Pacific  Railroad  Company  has  rigged  up  a  small  pile-driver  on 
a  hand-car,  which  is  used  in  connection  with  a  straddler  to  drive 
the  tic-plates  into  position.  Some  western  railroads  have  even 
adopted  the  process  of  rigging  up  a  flat  car  with  a  "»iwbi**ft 
which  will  press  the  tie-plates  into  place  in  the  ties  before  the 
ties  are  placed  in  the  track. 

SPIKES. 

289.  Requirements.    I'hc  rails  must  be  held  to  l^e  ties  by  a 
fastening  which  will  not  only  give  sufficient  resistanoei  but  which 
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11  retain  its  capacity  for  resistance.  It  must  also  be  cheap 
d  easily  applied.  The  ordinary'  track-spike  fulfills  the  last 
luirements,  but  has.  comparatively  small  resisting  power,  com- 
red  with  screws  or  bolts.     Worse  than  all,  the  tendency  to 
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rticsX  vibration  in  the  rail  produces  a  series  of  upward  pulls  on 
J  spike  that  soon  loosens  it.  When  motion  has  once  begun 
i  capacity  for  resistance  is  greatly  reduced,  arid  but  little  more 
tration  is  required  to  pull  the  spike  out  so  much  that  redrivinp 
lecessary..  Driving  the  spike  to  place  again  in  the  same  hole 
)f  small  value  except  as  a  very  temporary  expedient,  as  its 
ding  power  is  then  very  small.  Redriving  the  spikes  in  new 
es  very  soon  "spike-kills"  the  tie.  Many  plans  have  been 
^ised  to  increase  the  holding  power  of  spikes,  such  as  making 
m  jagged,  twisting  the  spike,  swelling  the  spike  at  about  the 
iter  of  its  length,  etc.  But  it  has  been  easily  demonstrated 
kt  the  fibers  of  the  wood  are  generally  so  crushed  and  torn  by 
vin^  such  spikes  that  their  holding  power  is  less  than  that  of 
!  plain  spike,  and  the  durability  is  greatly  diminished. 
rhe  ordinary  spike  (see  Fig.  127)  is  made  with  a  square  cross- 
tion  which  is  uniform  through  the  middle  of  its  length,  the 
'er  1 J  in.  tapering  down  to  a  chisel  edge,  the  upper  part  swelling 
.  to  the  head.  The  Goldie  spike  (see  Fig.  128)  aims  to  improve 
J  fona  by  reducing  to  a  minimum  the  destruction  of  the 
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fibers.  To  this  end,  the  sides  are  made  smooth,  the  edges  an 
clean-cut,  and  the  point,  instead  of  being  chiselnshaped,  is  ground 
down  to  a  pyramidal  form.  Such  fiber-cutting  as  occurs  is  thus 
accomplished  without  much  crushing,  and  the  fibers  are  thus 
pressed  away  from  the  spike  and  slightly  downward.  Any 
tendency  to  draw  the  spike  will,  therefore,  cause  the  fibers  to 
press  still  harder  on  the  spike  and  thus  increase  the  lesistanoe. 
A  series  of  tests  made  by  a  committee  of  the  A.  R.  E.  A.  and 
reported  to  the  1914  Convention,  established  some  very  valuable 
conclusions  with  respect  to  the  use  of  the  ordinary  cut  spikB. 
Spikes  with  sharp  pyramidal  points  and  with  various  degrees  of 
bluntness,  and  also  the  ordinary  chisel-pointed  spike,  were  driven 
into  ties  and  other  timbers  and  were  withdrawn  by  a  testing 
machine.  Then  the  timbers  were  cut  so  as  to  expose  the  holes 
to  their  full  length,  so  that  the  crushing  of  the  fibers  by  the  spike 
driving  could  be  observed.  A  series  of  photographs  illustrated 
this  feature.  In  some  cases  the  spikes  were  driven  into  |-in. 
bored  holes,  some  of  which  were  2.5  ins.  deep,  but  the  most  of  than 
were  4  ins.  deep.  In  other  cases,  the  spikes  were  driven  without 
previous  boring.    The  following  conclusions  were  unmistakable. 

1.  The  spike  with  a  pyramidal  point  about  1  in.  long  (vir- 
tually the  "  Goldie  '*  design  Fig.  128),  has  greater  holding  power, 
not  only  when  it  first  begins  to  yield,  but  also  afterward  while  the 
spike  is  being  drawn  out. 

2.  The  long-pointed  spikes  crushed  the  fiber  far  less  than  any 
other  type. 

3.  The  chisel-pointed  spike,  virtually  as  shown  in  Fig.  127,  and 
which  is  the  type  now  in  most  common  use,  has  the  least  holding 
power  and  is  more  destructive  in  crushing  the  fibers. 

4.  Spikes  driven  into  J -in.  bored  holes  have  greater  holding 
power  than  when  driven  without  boring,  and  the  crushing  of  the 
fiber  is  much  less.  This  indicates  the  very  real  economy  in  boat- 
ing holes  where  the  life  of  the  tie  is  an  economical  considenition. 

290.  Driving.  The  holding  power  of  a  spike  depends  lai^ely 
on  how  it  is  driven.  If  the  blows  are  eccentric  and  irregular 
in  direction,  the  hole  will  be  somewhat  enlarged  and  the  hold- 
ing power  largely  decre^ised.  The  spikes  on  each  rade  of  the 
rail  in  any  one  tie  should  not  be  directly  opposite,  but  slioaki 
be  staggered.  Placing  them  directly  opposite  will  tend  to  apUt 
the  tie,  or  at  least  decrease  the  holding  power  of  the 


The  direction  of  staggering  should  be  reversed  in  the  tiro  pain 
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of  spikes  in  any  one  tie  (see  Fig.  129).    This  will  tend  to  pre- 
vent any  twisting  of  the  tie  in  j 
the  ballast,  which  would  other- 
wise loosen  the  rail  from  the  tic. 
391.  Screw  spikes.    The  D,, 
L.  &  W.  R.  R.  began  the  general 
use  of  screw  epilces  for  all  new 
work   and  for   extensive  track 
renewals  in  1910.    In  five  j^ars 
they  used  over  12,000,000  screw           if: 
spikes.     The  design  is  shown  in 
Fig.  130.    From  a  report  made 


Fia.  129, — Sfiib- 


by  Mr.  G.  J.  Ray,  Chief  Engineer,  lo  the  A.  R.  E.  A.,  the  follow- 
bg  facts  and  conclusions  are  deduced: 

1.  The  use  of  screw  spikes,  in  conjunction  with  suitable  tie- 
plates,  is  almost  a  necessity  in  order  to  fully  utilize  the  durability 
of  a  treated  tie.  A  treated  tie  is  seldom  removed  on  account  of 
decay  in  the  body  of  the  tie.  Its  destruction  is  generally  due  to 
"  apike-killing,"  rail  cutting,  or  to  the  decay  which  comes  im- 
mediately after  mechanical  injury  to  the  wood  under  the  rail. 
Screw  stakes  and  tie-plates  largely  prevent  this  mechanical  injury. 

2.  "  As  arule,  with  woods  which  it  will  pay  to  treat,  the  poorer 
the  quality  of  the  timber  the  more  elaborate  and  expensive  the 
fastening  must  be  if  the  mechanical  life  of  the  tie  is  made  to 
^ifRoach  the  life  of  the  treated  timber." 

3.  "  Tie-plates  should  be  used  on  all  ties  where  screw  spikes 
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4.  "  Four  holes  should  be  provided  for  screw  spikes,  so  that 
two  extra  holes  will  l>e  availal)le  if  needed." 

5.  "  The  size  of  screw  spikes  and  the  desij^n  of  the  thread  should 
be  carefully  considered  l)efore  a  screw  spike  is  adopted.  There- 
after no  changes  should  l)e  made;  otherwise  the  new  screw  spikes 
cannot  be  used  in  old  holes  without  damaging  the  wood  fiber." 

6.  "  The  screw-spike  head  should  have  tapering  sides  to  pre- 
vent turning  in  the  wrench  socket  after  the  size  of  the  head  has 
been  diminished  by  rust." 

7.  "  When  screw  spikes  are  fully  seated,  no  further  strain 
should  })e  put  on  them,  as  this  will  tend  to  destroy  the  threads 
in  the  wood  or  injure  the  spikes." 

8.  "All  ties  should  be  bored  at  the  treating  plant  before  treat- 
ment. This  can  be  done  while  the  ties  are  being  adzed,  and  not 
only  insures  that  the  holes  arc  bored  sufficiently  deep,  but  provides 
for  good  treatment  of  all  wood  adjacent  to  the  spike  holes." 

9.  '*  Where  the  ties  are  bored  })efore  treatment,  the  track  must 
be  to  proper  gauge  before  the  ties  can  l)e  i)laccd." 

10.  "  The  holes  for  screw  s])ikes  should  Ixi  of  proper  dimensions 
for  the  class  of  wood  used,  with  due  regard  to  the  size  of  screw 
spike  used." 

11.  '*A  limited  number  of  holes  can  l)0  l)orcd  with  one  bit,  after 
which  it.s  size  will  diminish  so  as  to  make  itunfitfor  a  hole  of  agiven 
size."  [The  pa|)er  nowhere  makes  any  statement  as  to  the  oize  of 
th(»  bored  hole  in  c()mi)arison  with  the  diameter  of  thescrew.  The 
bored  hole  should  have  (iIhuU  the  .same  diameter  as  the  diameter  of 
the  screw  at  the  base  of  the  screw  thread,  but  the  hardness  of  the 
wood  re(juires  some  variation,  since,  iphe  hole  is  too  small,  it  will 
1m»  iiniM)ssible  to  turn  the  screw.  The  exact  diameter  must  be  dc- 
teriiiined  for  each  kind  of  w(M)d  and  must  be  strictly  maintained.) 

12.  **  Hok*s  should  Ix^  lK>red  somewhat  deejwr  than  the  length 
of  the  screw  spike.  There  is  no  serious  ol)jection  to  boring  the 
holes  dear  through  the  ties." 

!.'{.  *'  Xot  only  is  the  lateral  and  vertical  resistAnre  of  a  screw 
spike  greater  than  that  of  a  cut  spike  when  lx)th  are  first  applied, 
but  the  lateral  and  vertical  resistance  of  a  loase  screw  spike  is 
considerably  greater  than  the  hiteral  and  vertical  resistance  of  a 

Idoso  cut  spikf." 

n.  "  When  the  threads  in  the  tic  arc  entirely  destroyed,  a 
screw  lining  (any  one  of  several  dilTcrcnt  varieties)  may  be  used 
with  good  results." 


^. 
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15.  "All  ties  should  be  bored  and  adzed  before  treatment.  This 
insures  good  gauge,  a  perfect  l>earing  for  the  tie-plates  and  good 
treatoient  under  the  rail  seat  and  around  the  screw-spike  holes." 

16.  "  In  {^lacing  screw  spikes,  they  should  be  driven  by  ham- 
mer only  sufficient  to  make  the  threads  take  hold.  If  rigid  in- 
structions are  not  carried  out,  laborers  will  continually  overdrive 
spikes  and  thus  destroy  the  wood  fibers  near  the  top  of  the  holes." 

17.  "  The  best  results  with  the  screw  spikes  can  be  expected  in 
new  construction,  and  where  the  number  of  screw  spikes  in  tie 
renewals  predominate  over  cut  spikes." 

18.  "  Tlig  juse  of  screw  spikes  for  the  past  five  years  has  not 
made  it  necessary  to  increase  the  number  of  sectionmen  per  mile 
of  track." 

19.  "  Whether  or  not  it  will  pay  to  use  screw  spikes  will  depend 
upon  the  cost  of  ties,  their  probable  life  and  the  amoimt  of  traflfic." 

292.  "  Wooden  spikes."  Among  the  regulations  for  track- 
laying  given  in  §  246,  mention  was  made  of  wooden  "  spikes," 
or  plugs,  which  are  used  to  fill  up  the  holes  when  spikes  are 
withdrawn.  The  value  of  the  policy  of  filling  up  these  holes  is 
unquestionable,  since  the  expense  is  insignificant  compared  with 
the  loss  due  to  the  quick  and  certain  decay  of  the  tio  if  these 
holes  are  allowed  to  fill  with  water  and  remain  so.  But  the 
method  of  making  these  plugs  is  variable.  On  some  roads  they 
are  "  hand-made"  by  the  trackmen  out  of  otherwise  use^ 
less  scraps  of  lumber,  the  work  being  done  at  odd  mo- 
ments. This  policy,  while  apparently  cheap,  is  not 
necessarily  so,  for  the  hand-made  plugs  are  irregular 
in  size  and  therefore  more  or  less  inefficient.  It  is 
also  quite  probable  that  if  the  trackmen  are  required  to 
make  their  own  plugs,  they  would  spend  time  on  these 
very  cheap  articles  which  could  be  more  profitably  em- 
ployed othenvise.  Since  the  holes  made  by  the  spikes 
are  larger  at  the  top  than  they  are  near  the  bottom,  the 
plugs  should  not  be  of  uniform  cross-section  but  should 
be  slightly  wedge-shaped.  The  "Goldie  tie-plug" 
(see  Fig.  131)  has  been  designed  to  fill  these  require- 
ments. Being  machine-made,  they  are  uniform  in 
size;  they  are  of  a  shape  which  will  best  fit  the  hole; 
they  can  be  furnished  of  any  desired  wood,  and  at  a 
cost  which  makes  it  a  wasteful  economy  to  attempt  yiq.  131. 
to  cut  them  by  hand. 


7 
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TRACK-BOLTS. 

293.  Essential  requirements.  The  track-bolts  must  have 
ifficient  strength  and  must  be  screwed  up  tight  enough  to  bold 
the  angle-plates  against  the  rail  with  sufficient  force  to  develop 
the  full  transverse  strength  of  the  angle-bars.  On  the  other 
hand  the  bolts  should  not  be  screwed  so  tight  that  slipping  mlj 
not  take  place  when  the  rail  expands  or  contracts  with  tempOA* 
ture.  It  would  be  impossible  to  screw  the  bolts  tight  enou^  to 
prevent  slipping  during  the  contraction  due  to  a  considerable  fall 
of  temperature  on  a  straight  track,  but  when  the  track  is  curved, 
or  when  expansion  takes  place,  it  is  conceivable  that  the  rakt- 
ancc  of  the  ties  ini  tho  ballast  to  lateral  motion  may  be  less  thn 
the  resistance  at  the  joint.  A  test  to  determine  this  resistinee 
was  made  by  Mr.  A.  Torrey,  chief  engineer  of  the  Mich.  CSoii 
R.  R.,  using  80-lb.  rails  and  ordinary  angle-bars,  the  boltsbeiitg 
screwed  up  as  usual.  If  required  a  force  of  about  31000  to 
35000  lbs.  to  start  the  joint,  which  would  be  equivalent  to  the 
stress  induced  by  a  change  of  temperature  of  about  22^.  But 
if  the  central  angle  of  any  given  curve  is  small,  a  comparativdy 
small  lateral  component  will  be  sufficient  to  resist  a  compxession 
of  even  35000  lbs.  in  the  rails.  Therefore  there  will  ordinarflj 
be  no  trouble  about  having  the  joints  screwed  too  tight.  The 
vibration  caused  by  the  passage  of  a  train  reduces  the  resistaDeB 
to  slipping.  This  vibration  also  facilitates  an  objectkuiaUe 
feature,  viz.,  loosening  of  the  nuts  of  the  track-bolts.  Tlie  bolt 
is  readily  prevented  from  turning  by  giving  it  a  form  whidi  ii 
not  circular  immediately  under  the  head  and  Tn^lHng  eom- 
sponding  holes  in  the  angle-plate.  See  Fig.  132.  Note  abo 
the  elongated'  and  the  round  bolt  holes  in  the  standard  aii|^ 
bar  shown  on  Plate  VII.  Half  the  nuts  are  thus  on  either  skis 
of  the  rail  and  the  danger  that  all  the  bolts  of  a  joint  mi^  be 
simultaneously  sheared  off  by  a  derailment  is  somewhat  nuni* 
mized. 

''  As  a  rule,  as  large  track-bolts  should  be  used  as  the  nil  and 
splice-bars  will  permit."  [From  1915  Manual,  A.  R.  £.  A.] 
There  is  always  some  danger  tliat  a  trackman  may  stretch  a  bolt 
beyond  its  elastic  limit.  A  pull  of  100  lbs.  on  a  33-inch  tnck 
wrench  will  induce  a  stress  of  about  45000  lbs.  per  square  ineh 
in  a  i-inch  track  bolt.  The  same  work  on  a  Innch  bolt  WNdd 
produce  a  stress  of  about  35000  lbs.  per  square  inch.    In  older  to 
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obtain  the  neoesaory  toughness,  bolts  must  be  made  of  low-carbon 
steel  or  of  nickel-steel,  untreated  or  heat-treated.  When  made 
of  carbon  steel,  specifications  require  an  elastic  limit  of  at  least 
35,000  lbs.  per  square  inch  but  at  the  same  time  an  elongation  of 
25%  in  2  inches  and  a  reduction  of  area  of  at  least  50%.  A 
hftrder  steel  would  have  a  higher  elastic  Umit,  but  would  not 
be  sufficienlty  ductile.  Higher  elastic  hmits,  with  sufficient 
ductility,  may  be  obtained  by  using  untreated  nickel  or  other 
alloy  Bteel  (at  least  45,000  Iba.  per  square  inch),  or  heat- 
treat«d  nickel  or  other  alloy  steel  (at  least  75,000  lbs.  per  square 
inch).  The  ekstic  limit  shall  not  be  less  than  50%  of  the  iilti- 
inat«.  Added  strength  can  only  be  obtained  by  using  larger 
bolta  or  a  more  expensive  metal. 

394-  DftBign  of  track-bolts.  In  Fig.  132  is  shown  a  coumion 
design  of  track-bolt.  In  its  general  form  this  represents  the 
bolt  used  on  nearly  all  roads, 
being  used  not  only  with  the 
conunon  angle-plates,  but  also 
with  many  of  the  improved  de- 
signs of  rail-joints.  The  varia- 
tions are  chiefly  a  general  in- 
crease in  uze  to  correspond  with 
the  increased  weight  of  rails, 
besides  variations  in  detail  di- 
mensions which  are  frequently 
unimportant.  The  diameter  is 
usually  1"  to  |";  1"  bolts  are 
used  for  100-lb.  rails.  As  to 
length,  the  bolt  should  not  ex- 
tend more  than  i"  outside  of  -  p,g  ia2.—TaACK-»ovt. 
the  nut  when  it  is  screwed  up. 

If  it  extends  farther  than  this  it  is  liable  to  be  broken  off  by  a 
possible  derailment  at  that  point.  The  lengths  used  vary  from 
3\",  which  may  be  used  with  60-lb.  rails,  to  5",  which  is  required 
with  100-lb.  roils.  The  length  required  depends  somewhat  on 
the  type  of  nut^ock  used. 


39S<  Design  of  nut-locks.     The  designs  for  nut-locks  may  be 
divided  into  three  classes:  (a)  those  depending  entirely  on  aa 
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elastic  washer  which  absorbs  the  vibration  which  might  other* 
wise  induce  turning;  (b)  those  which  jam  the  threads  of  the 
bolt  and  nut  so  that,  when  screwed  up,  the  frictional  resistance 
is  too  grteat  to  be  overcome  by  Vibration;  (c)  the  "positive" 
nut'locks — those  which  mechanically  hold  the  nut  from  turning. 
Some  of  ^e  designs  combine  these  principles  to  some  extent. 
The  "vulcanized  fiber"  nut-lock  is  an  example  of  the  first  class. 
It  consists  essentially  of  a  rubber  washer  which  is  protected  by 
an  iron  ring.  When  first  placed  this  lock  is  effective,  but  the 
rubber  soon  hardens  and  loses  its  elasticity  and  it  is  then  ineffe<v 
tive  and  worthless.  Another  illustration  of  class  (a)  is  the  use 
of  wooden  blocks,,  generally  1"  to  2"  oak,  which  extend  the 
entire  length  of  the  angle-bar,  a  single  piece  forming  the  washer 
for  the  four  or  six  bolts  of  a  joint.  This  form  is  cheap,  but  the 
wood  6oon  shrinks,  loses  its  elasticity,  or  decays  so  that  it  soon 
becomes  worthless,  and  it  requires  constant  adjustment  to  keep 
it  in  even  tolerable  condition.  The  "Verona"  nut-lock  is 
another  illustration  of  class  (a)  which  also  combines  some  of  the 
positive  elements  of  class  (c).  It  is  made  of  tempered  steel  and, 
as^  shown  in  Fig.  133,  is  warped  and  has  sharp  edges  or  points. 
The  warped  form  furnishes  the  element  of  elastic  pressure  when 
the  nut  is  screwed  up.  The  steel  being  harder  than  the  iron  of 
the  angle-bar  or  of  the  nut,  it  bites  into  them,  owing  to  the 
great  pressure  that  must  exist  when  the  washer  is  squeezed 
nearly  flat,  and  thus  prevents  any  backward  movement,  although 
forward  movement  (or  tightening  the  bolt)  is  not  interfered 
with.  The  "  National"  nut-look  is  a  type  of  the  second  class  (6), 
in  which,  like  the  "Harvey"  nut-lock,  the  nut  and  look  are  com- 
bined in  one  piece.  With  six-bolt  angle-bars  and  30-fopt  rails, 
this  means  a  saving  of  2112  pieces  on  each  mile  of  single  track. 
The  "National"  nuts  are  open  on  one  side.  The  hole  is  drilled 
and  the  thread  is  cut  slightly  smaller  than  the  bolt,  so  that  when 
the  nut  is  screwed  up  it  is  forced  slightly  open  and  therefore 
presses  on  the  threads  of  the  bolt  with  such  force  that  vibration 
cannot  jar  it  loose.  Unlike  the  "  National "  nut,  the  "  Harvev  " 
nut  is  solid,  but  the  form  of  the  thread  is  progressively  varied  so 
that  the  thread  pinches  the  thread  of  the  bolt  and  the  frictional 
resistance  to  turning  is  too  great  to  be  affected  by  vibration. 

The  "Cohimbia"  nut-lock  is  a  two-piece  nut,  both  parts  of 
which  must  turn  simultaneously.     As  shown  in  the  figure,  one 
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section,  wedges  into  the  other.  The  greater  the  tension  in  the 
bolt,  the  greater  the  wedging  action  and  the  greater  the  frictioii 
to  prevent  turning. 

The  "Jones"  nut-lock,  belonging  to  class  (c),  is  a  type  of  • 
nut-lock  that  does  not  depend  on  elasticity  or  jamming  of  acrew- 
threads.  It  is  made  of  a  thin  flexible  plate,  the  square  part  of 
which  is  so  large  that  it  will  not  turn  aifter  being  placed  on  the 
bolt.  After  the  nut  is  screwed  up,  the  thin  plate  is  bent  over  so 
that  the  re-entrant  angle  of  the  ^late.  engages  the  comer  of  the 
nut  and  thus  mechanically  prevents  any  turning.  The  metal 
is  supposed  to  be  sufficiently  tough  to  endure  without  fracture 
as  many  bendings  of  the  plate  as  will  ever  be  desired.  Nut- 
locks  of  class  (c)  are  not  in  common  use. 

The  above  types  have  been  discussed  in  order  to  Aaw  the 
development  of  the  various  devices.  With  but  few  exoeptioiiif 
the  standard  nut-lock  is  a  steel  spring  ring  of  the  aame  genenl 
class  as  the  Verona.  The  A.  R.  E.  A.  have  prepared  specifica- 
tions for  such  nut-locks  which  include  the  following: 

'^  After  the  fmished  nut-lock  has  been  subjected  for  one  hour  tq^ 
pressure  sufficient  to  compress  it  flat  and  has  been  leleaaed,  its 
reaction  shall  be  not  less  than  two-thirds  its  height  or  thi«|ri^ff 
of  section,  provided  thickness  is  less  than  width  oi  aecticm.  If 
the  section  is  square,  the  reaction  must  be  not  less  than  on»4ialf 
its  thickness.  If  height  or  thickness  of  section  is  more  than 
width,  the  reaction  shall  be  not  less  than  the  width  of  the 
The  internal  diameters  naturally  affect  the  percentage  of 
tion,  and  the  above  specifications  apply  to  nut-locks  of  intemsl 
diameters  from  |-|  in.  to  1  j^  ins.  Owing  to  the  difi&eulty  of 
establishing  a  common  rate  of  percentage  that  shall  be  xaaiianatj 
applicable  to  any  internal  diameter  of  any  nut-look  of  any  seetioik 
it  has  been  sought  to  cover  the  matter  as  above.  Amount  and 
durability  of  reactionary  power  under  constant  pressura  is  tfas 
true  test  of  any  spiral  spring  nut-lock.  The  percentage  of  leai^ 
tion  increases  proportionately  with  the  increased  internal  diam- 
eter of  any  given  section." 

'^  With  one  end  of  the  finished  nut-lock  secured  in  a  viee^  and 
the  opposite  end  twisted  to  45  degrees,  there  must  be  no  sign  of 
fracture.  Wlien  further  twisted  until  broken,  the  fracture  moifc 
show  a  good  quality  of  steel." 


CHAPTER  XI. 

SWITCHES  AND  CROSSINGS. 
SWITCH   CONSTRUCTION. 

296.  Essential  elements  of  a  switch.  Flanges  of  some  sort  are  ^ 
a  necessity  to  prevent  car-wheels  from  nmning  ofif  from  the  rails 
on  which  they  may  be  moving.  But  the  flanges,  although  a 
necessity,  are  also  a  source  of  complication  in  that  they  require 
some  special  mecham'sm  which  will,  when  desired,  guide  the 
wheels  out  from  the  controlling  influence  of  the  main-line  rails. 
This  must  either  be  done  by  raising  the  wheels  high  enough  / 
so  that  the  flanges  may  pass  over  the  rails,  or  by  breaking  the 
continuity  of  the  rails  in  such  a  way  that  channels  or  ''flange 
spaces"  are  formed  trough  the  rails.  An  ordinary  stub-switch 
breaks  the  continuity  of  the  main-line'  rails  in  three  .places,  two 
of  them  at  the  switch-block  and  one  at  the  frog.  The  Wharton  ^ 
switch  avoids  two  of  these  breaks  by  so  placing  inclined  planes 
that  the  wheels,  rolling  on  their  flanges,  will  surmount  these 
inclines  until  they  are  a  little  higher  than  the  rails.  Then  the 
wheels  on  the  side  toward  which  the  switch  runs  are  guided 
over  and  across  the  main  rail  on  that  side  This  rise  being  ac- 
complished in  a  short  distance,  it  becomes  impracticable  to 
operate  these  switches  except  at  slow  speeds,  as  any  sudden 
change  in  the  path  of  the  center  of  gravity  of  a  car  causes  very 
destructive  jars  both  to  the  switch  and  to  the  rolling  stock.  The 
other  general  method  makes  a  break  in  one  main  rail  (or  both) 
at  the  switch-block.  In  both  methods  the  wheels  are  led  to  one 
side  by  means  of  the  "lead  rails,"  and  finally  one  line  of  wheels 
passes  through  the  main  rail  on  that  side  by  means  of  a  "  frog.*' 
There  are  ^ome  designs  by  which  even  this  break  in  the  main 
rail  is  avoided,  the  wheels  being  led  over  the  main  rail  by  means 
of  a  short  movable  rail  which  is  on  occasion  placed  across  the 
main  rail,  but  such  designs  have  not  come  into  general  use. 

397.  Frogs.     Frogs  are  provided  with  two  channel-ways  or 
"flange  spaces''  through  which  the  flanges  of  the  wheels  move. 

335 
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Each  channel  cuts  out  a  parallelogram  from  the  tread  area. 
Since  the  wheel-tread  is  always  wider  than  the  rail,  the  ving 
rails  will  support  the  wheel  not  only  across  the  space  cut  out  by 
the  channel,  but  also  until  the  tread  has  passed  the  point  of  the 
frog  and  can  obtain  a  broad  area  of  contact  ^n  the  tongue  of  the 
frog.    This  is  the  theoretical  idea,  but  it  is  very  imperfectly 


4-^owAiio  switch: 


r 

Fig.  134. —Diagrammatic  Design  of  Fboo. 


realized.  The  wing  rails  are  sometimes  subjected  to 
wear  owing  to  "hollow  treads"  on  the  wheels — owing  also  to 
the  frog  being  so  flexible  that  the  point  "ducks"  when  the  wheel 
approaches  it.  On  the  other  hand  the  sharp  point  of  the  frog 
will  sometimes  cause  destnictive  wear  on  the  tread  of  the  wheel. 
Therefore  the  tongue  of  the  frog  is  not  carried  out  to  the  sharp 
theoretical  point,  but  is  purposely  somewhat  blunted.  But 
the  break  which  these  channels  make  in  the  continuity  of  the 
tread  area  becomes  extremely  objectionable  at  high  speeds^ 
being  mutually  destructive  .to  the  rolling  stock  and  to  the  frag. 
The  jarring  has  been  materially  reduced  by  the  device  of  "spring 
frogs" — to  be  described  later.  Frogs  were  originally  made  cf 
cast  iron — then  of  cast  iron  with  wearing  parts  of  cast  sted, 
which  were  fitted  into  suitable  notches  in  the  cast  iron.  Hub 
form  proved  extremely  heavy  and  devoid  of  that  elasticity  of 
track  which  is  necessary  for  the  safety  of  rolling  stock  and 
track  at  high  speeds.  The  present  standard  practice  is  to  baild 
the  frog  up  of  pieces  of  rails  which  are  cut  or  bent  as-requirBd. 
There  are  always  four  pieces  for  single-pointed  frogs,  nsuaflj 
they  arc  assembled  by  bolts  running  through  the  rail  webs, 
which  are  properly  separated  by  rolled  ste€l  filler  blocks.  Some- 
times they  are  enclosed  by  clamps  held  in  place  by  wedgBB. 
Sometimes  the  rails  are  bolted  or  riveted  to  a  base  plate.  "Fat 
the  hardest  service,  the  wearing  parts  arc  made  of 
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Plate  VIII. — Some  Ttpeb  or  Fboos. 
(Aa  msde  by  Ramapo  Iron  Works.) 
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section,  wedges  into  the  other.  The  greater  the  tensioii  in  the 
bolt,  the  greater  the  wedging  action  and  the  greater  the  fiictioii 
to  prevent  turning. 

The  "Jones"  nut-lock,  belonging  to  class  (c),  is  a  t3rpe  of  • 
nut-lock  that  does  not  depend  on  elasticity  or  jamming  of  screw- 
thieads.  It  is  made  of  a  thin  flexible  plate,  the  square  part  d 
which  is  so  large  that  it  will  not  turn  after  being  placed  on  the 
bolt.  After  the  nut  is  screwed  up,  the  thin  plate  is  bent  oyer  so 
that  the  re-entrant  angle  of  the  ^late.  engages  the  comer  of  the 
nut  and  thus  mechanically  prevents  any  turning.  The  metal 
is  supposed  to  be  sufficiently  tough  to  endure  without  fracture 
as  many  bendings  of  the  plate  as  will  ever  be  desired.  Nut- 
locks  of  class  (c)  are  not  in  common  use. 

The  above  types  have  been  discussed  in  order  to  show  the 
development  of  the  various  devices.  With  but  few  exoeptiooi^ 
the  standard  nut-lock  is  a  steel  spring  ring  of  the  same  geneial 
class  as  the  Verona.  The  A.  R.  E.  A.  have  prepared  qsecifiea- 
tions  for  such  nut-locks  which  include  the  following: 

''  After  the  finished  nut-lock  has  been  subjected  for  one  hour  tq^ 
pressure  sufficient  to  compress  it  flat  and  has  been  released,  ifti 
reaction  shall  be  not  less  than  two-thirds  its  height  or  thiAi^ff 
of  section,  provided  thickness  is  less  than  width  of  section.  If 
the  section  is  square,  the  reaction  must  be  not  less  than  on»4ialf 
its  thickness.  If  height  or  thickness  of  section  is  more  Hum 
width,  the  reaction  shall  be  not  less  than  the  width  of  the 
The  internal  diameters  naturally  affect  the  percentage  of 
tion,  and  the  above  specifications  apply  to  nut-locks  of  intenal 
diameters  from  \%  in.  to  1  ^  ins.  Owing  to  the  diflloulty  of 
esta}>lishing  a  common  rate  of  percentage  that  shall  be  unifoim^ 
applicable  to  any  internal  diameter  of  any  nut-look  of  any  section 
it  has  been  sought  to  cover  the  matter  as  above.  AnMNint  and 
durability  of  reactionary  power  under  constant  presBUie  is  the 
true  test  of  any  spiral  spring  nut-lock.  The  percentage  of  reac- 
tion increases  proportionately  with  the  increased  internal  diasfr- 
eter  of  any  given  section." 

''  With  one  end  of  the  finished  nut-lock  secured  in  a  vise^  and 
the  opposite  end  twisted  to  45  degrees,  there  must  be  no  sign  of 
fracture.  When  further  twisted  imtil  broken,  the  fracture  muat 
show  a  good  quality  of  steel." 
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farther  rail  end,  beaidea  produciiie  such  a  stress  iQ  the  conBtni6- ' 
tion  that  a  breakage  is  rendered  quite  Ukely,  and  such  a  breakage  . 
might  have  very  serious  consequences. 

300.  Point  switches.     The  easential  principle  of  a  point  switch 
is  illuBtrated  in  Fig.  136.    As  is  shown,  one  main  rail  and  also 
one  of  the  switch-rails  ia  unbroken  and  immovable.     The  other 
main  rail  (from  A  to  F)  and  the  corresponding  portion  of  the 
other  lead  rail  are  Bubstantially  the  same  as  in  a  stub  switch. 
A  portion  of  the  main  rail  (,AB)  and  an  equal  length  of  the  oppo- 
site lead  rail  (usually  16.5  to  22  feet  long)  are  fastened  together 
by  tie-rods.     The  end  at  ;!  ia  jointed  as  usual  and  the  other  end 
is  pointed,  both  sides  being  trimmed  down  so  that  the  feather 
edge  at  B  includes  the  web  of  the  rail.     In  order  to  retiun  in  it 
S3  much  strength  as  possible,  the  point- 
rail  is  raised  so   that  it  rests  on  the  base 
of  the  stock-rail,  one  side  of  the  base   of 
the    point-rail   l>e[ng    nearly   cut   away. 
As    may  be   seen   in   Fig.  137,   although 
the  inSuence  of  the  point  of  the  rail   in 
moving  the  wheel-flange  away  from  the 
stock-rail   is   really   zero   at   that  point, 
yet  the  rail  has  all  the  strength   of  the 
web,    more    than    one-half    that  of  the 
base,  and  ia  also  reinforced.     The  planing 
FiH.  137,  runs  back  in  slraighl  lines,  until  at  about 

six  or  seven  feet  back  from  the  point 
the  full  width  of  the  head  is  obtained.  The  full  width  of 
the  base  will  only  be  obtained  at  about  13  feet  from  the 
point.  The  A.  R.  E.  A.  standard  switch  rail  is  always  cut  on 
the  basis  that  the  distance  between  gauge  lines  at  the  heel  of 
the  switch  (the  distance  MN  in  Fig.  143)  is  6i  inches  and  that 
the  "  point "  is  J  inch  wide.  Then,  using  four  standard 
lengths,  11,  164,  22  and  30  feet,  the  angles  vary  from  2°  36'  19" 
to  0°  57'  18"  as  shown  in  Table  III. 


301.  Switch-stands.     The  simpleat  and  cheapest      rm  is    he 
"  ground  lever,"  which  has  no  target.     The  radius  o     h 
described  by  the  connecting-rod  pin  is  precisely  one-ha  f    he 
throw.    fVon)  ibfi  iiature  of  the  motion  the  device  is  pra     cal  y 
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Each  channel  cuts  out  a  parallelogram  from  the  tread 
Since  the  wheel-tread  is  always  wider  than  the  rail,  the  wing 
rails  will  support  the  wheel  not  only  across  the  space  cut  out  by 
the  channel,  but  also  until  the  tread  has  parsed  the  point  of  the 
frog  and  can  obtain  a  broad  area  of  contact  qn  the  tongue  of  the 
frog.    This  is  the  theoretical  idea,  but  it  is  very  imperfectly 
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realized.  The  wing  rails  are  sometimes  subjected  to 
wear  owing  to  "hollow  treads"  on  the  wheels — owing  also  to 
the  frog  being  so  flexible  that  the  point  "ducks'*  when  the  whed 
approaches  it.  On  the  other  hand  the  sharp  point  of  the  frog 
will  sometimes  cause  destructive  wear  oh  the  tread  of  the  whed. 
Therefore  the  tongue  of  the  frog  is  not  carried  out  to  the  shaip 
theoretical  point,  but  is  purposely  somewhat  blunted.'  But 
the  break  which  these  channels  make  in  the  continuity  of  the 
tread  area  becomes  extremely  objectionable  at  high  speeda^ 
being  mutually  destructive  »to  the  rolling  stock  and  to  the  frqg. 
The  jarring  has  been  materially  reduced  by  the  device  of  "spring 
frogs'* — to  be  described  later.  Frogs  were  originally  made  ol 
cast  iron — then  of  cast  iron  with  wearing  pari;8  of  oast  Bteel, 
which  were  fitted  into  suitable  notches  in  the  east  irtnu  This 
form  proved  extremely  hea\'y  and  devoid  of  that  elasticity  of 
track  which  is  necessary  for  the  safety  of  rolling  stock  and 
track  at  high  speeds.  The  present  standard  praotioe  is  to  build- 
the  frog  up  of  pieces  of  rails  which  are  cut  or  bent  as-fequired. 
There  are  always  four  pieces  for  single-pointed  frogs.  UsadSy 
they  arc  assembled  by  bolts  running  through  the  rail  webs, 
which  are  properly  separated  by  rolled  ste5l  filler  blocks. 
times  they  are  enclosed  by  clamps  held  in  place  by 
Sometimes  the  rails  are  bolted  or  riveted  to  a  base  plate.  For 
the  hardest  service,  the  wearing  parts  are  made  of 
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placed  base  to  base,  to  aay  nothing  of  the  |"  rpquired  for  qiikee, 
it  becomes  necessary  to  cut  the  flange  of  the  gimrd-nul.  Tha 
length  of  the  rail  should  be  16  feet  6  incheB,  the  middle  pcvtion 
being  straight  for  a  length  of  3  feet  6  inches,  and  the  ends,  each 
being  6  feet  6  inches  long,  curved  out  so  that  the  aide  ol  the 
tail  head  at  each  end  ia  4  inches  from  the  main  rail  head,  when 
the  flange-way  at  the  center  ia  IJ  inches.     See  Fig.  141. 


In  all  of  the  following  democstrationB  regarding  Bwitobes, 
turnouts,  and  crossovers,  the  lines  exe  assumed  to  represent  the 
gauge4ine» — i.e.,  the  lines  of  the  inside  of  the  head  of  tbe  twk. 

304.  Design  wiA  circular  lead-rails.  The  simplest  method 
is  to  consider  that  the  lead-rails  curve  out  from  the  nuun  b«ck- 


riE.  143. 

rails  by  arcs  of  circles  which  are  tangent  to  the  main  nib  and 
which  extend  to  the  f  rt^-point  F.  The  simple  curve  h«n  Dtof 
is  of  such  radius  that  (f+ig)  vers  F=g,  in  ndiioh  F^Ou  frag 
angle  ?=gauge,  L^the  "lead"  iBF),  and  r>tbe  ndius  cf  ths 
center  of  the  switch-rails. 

-•■  '■+i?-:;^- W) 

Also,  BF-i-BD^cot^F;  BD=g;  BF-L. 

.:L=geQtF. (7B) 
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Also,  L=(r+J^)8inF; (71) 

Qr  =  2rsiniF (72) 

These  formuke  involve  the  angle  F,  As  shown  m  Table  III, 
the  angles  (F)  are  always  odd  quantities,  and  their  trigonometric 
functions  are  somewhat  troublesome  to  obtain  closely  with 
ordinary  tables.  The  formulae  may  be  simplified  by  substitut- 
ing the  frog-number  n,  from  the  relation  that  n  =  }  cot  JF. 
Since 

f—§^»L  cot  F    and    r-|-i^=L  cosec  F, 

then  r  ■=  JL  (cot  F + cosec  F) 

«ig  cot  §F(cot  F+cosec  F) 

=ig  cot'  §F,  since  (cot  a -f- cosec  a)  =cot  }a 

=2^« (73) 

Also,  L^2gny (74) 

from  which  r-nXL (75) 

These  extremely  simple  relations  may  obviate  altogether  the 
necessity  for  tables,  since  they  involve  only  the  frog-number  and 
the  gauge.  On  account  of  the  great  simplicity  of  these  rules, 
they  are  frequently  used  as  they  are,  regardless  of  the  fact  that 
the  curve  is  never  a  uniform  simple  curve  from  switch-block  to 
frog.  In  the  first  place  there  is  a  considerable  length  of  the 
gauge-line  within  the  frog,  which  is  straight  unless  it  is  pur- 
posely curved  to  the  proper  curve  while  being  manufactured, 
which  is  seldom  if  ever  done— except  for  the  very  large-angled 
frogs  used  for  street-railway  work,  etc.  It  is  also  doubtful  whether 
the  switch-rails  (BAf  Fig.  135)  are  bent  to  the  computed  curve 
when  the  rails  are  set  for  the  switch.  The  switch-rails  of  point 
switches  arp  atraighi,  thus  introducing  a  stretch  of  straight  track 
which  is  about  one-fifth  of  the  total  length  of  the  lead-rails.  The 
effect  of  these  modifications  on  the  length  and  radius  of  the  lead- 
rails  will  be  developed  and  discussed  in  the  following  sections. 

The  throw  (t)  of  a  stub  switch  depends  on  the  weight  of  the 
rail,  or  rather  on  the  width  of  its  base.    The  throw  must  be  at 
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least  f"  more  than  that  \Nndth.  The  head-block  should  there- 
fore be  placed  at  such  a  distance  from  the  heel  of  the  switch  {B) 
that  the  versed  sine  of  the  arc  equals  the  throw.  These  points 
must  be  opposite  on  the  two  rails,  but  the  points  on  the  two  rails 
where  these  relations  are  exactly  true  will  not  be  opponte. 
Therefore,  instead  of  considering  either  of  the  two  radii  (r+Jy) 
and  (r— Jgf),  the  mean  radius  r  is  used.    Then  (see  Fig.  142) 

veraKOQ'^t-i-r, 

and  the  length  of  the  switch-raiLs  is 

QK=r  8m  KOQ (76) 

Stub-switches  are  generally  used  with  large  frog  angles.  For 
small  frog  angles  (large  frog-numbers)  the  values  of  QK  are  so 
great  that  the  length  of  rail  left  unspiked  is  too  great  for  a  safe 
track.  If  this  were  obviated  by  spiking  down  a  portion  of  the 
lead  the  theoretical  accuracy  of  the  switch  would  be  lost. 

The  use  of  stub  switches  may  now  be  considered  obaolete. 
But  the  above  demonstration  has  been  retained  in  this  edition 
for  its  educational  value  as  an  introduction  to  the  more  com- 
plicated method  which  is  now  the  standard. 

305.  Standard  design,  using  straight  frog-rails  and  straight 
point-rails.  It  becomes  necessary  in  this  case  to  find  a  curve 
which  shall  be  tangent  to  both  the  point-rail  and  the  frog^wL 
The  curve  therefore  begins  at  M,  its  tangent  making  an  an^  of 
a  (  varying  from  0°  52'  to  2**  36')  with  the  main  rail,  and  runs  to 
J.  FJ  =  W=  the  length  of  the  "  wing-rail "  from  the  theoret- 
ical point  of  the  frog  (F)  to  the  toe,  J  or  J'.  FK'^K^'itMB 
length  from  the  theoretical  point  to  the  heel  of  the  frog,  MN 
—H=the  "  heel  distance/'  or  the  distance  of  the  gauge  line  of 
the  switch-rail  at  the  heel  from  the  gauge  line  of  the  main  track 
rail. 

The  central  angle  of  the  curve  equals  (F—a).  The  an|^  of 
the  chord  JM  with  the  main  rails  is  therefore 


Jilf  = 


J(F-a)+a  =  J(/^+a); 

g-W  sin  F-H 

sin  iiF-\-a) 
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JM 


T-^\g- 


2sinl(F-a) 

2  sin  i(^+«)  sin  hif-a)  \^ 


g-WsmF-H 


(77) 


cos  a— COS  F   *       * 

Z)iV=s  cos  a, (78) 

in  which  <S= length  of  switch-rail. 

BF=L=JM  cos  i(^+a)+Tr  cos  F-\-S  cos  a 

=  (g-W^iD.  F-H)  cot  \{,F-^a)-\-W  cos  F+  >Sf  cos  a.  .  (79) 

It  may  be  more  simple,  if  (r+Jy)  has  already  been  computed, 
to  write 

L-2(r+}^)sini(F-a)cos§  (F+a)+TrcosF+5cosa 
"=fr+k)^in^-sina)  +  Trcos>+^cosa.  .     .     .    i.     (80) 

The  above  equations  for  L  give  the  distance  from"  the  actual 
(blunt)  point  of  the  switch-rail  to  the  theoretical  point  of  the  frog. 
The  lead  (L')  given  In  Table  III  is  the  distance  from  the  actual 
point  of  the  switch-rail  to  the  actual  (blunt)  point  of  the  frog. 
The  difference  (L' — L)  is  the  "  frog  bluntness,"  which  in  each 
case  equals  the  width  of  the  frog  point  (I  inch  =  .04166  foot)  mul- 
tiplied by  the  frog  number.  The  values  of  the  frog  blimtness 
for  the  various  frogs  is  given  in  the  second  column  of  Part  B, 
Table  m. 

The  value  of  MN^H  has  been  standardized  by  the  A.  R.  E.  A. 
as  6i  inches  for  all  lengths  of  switch-rail  and  for  all  values  of  a. 
The  point  of  the  switch-rail  (at  D)  is  invariably  J-inch  thick. 
When  it  is  necessary  to  calculate  MN  for  other  standards  of 
construction,  it  may  be  computed  (calling  ^=length  of  switch- 
rail)  to  be 

MN'^S  sin  a + (thickness  of  point  of  switch  rail). 
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The  length  to  the  blunt  point  of  the  frog  (W=FJ)  in  given  fw 
each  frog  in  the  third  column  of  Table  III,  Part  B.  The  aeverol 
values  of  F  and  a  are  also  given  in  Table  III.  g  is  the  gauge 
= 4  feet  8i  inches  -  4.7083  feet. 

The  solution  of  Eq.  77-80  Cor  various  frog  angles  mil  give  a 
series  of  "  theoretical  leads,"  as  given  in  Table  111.  Part  B. 
The  "  closure  rails,"  between  the  switch  points  and  the  bog, 
will  invariably  have  such  odd  total  Isngtha  that  there  nnut  be 
at  least  one  rail  cutting  (and  some  wastage  of  rail)  for  eai^ 


closure  length.  By  ehortening  the  ndiua  of  Vba  t 
curve  very  slightly  and  inserting  a  very  short  lengtli  of  ti 
cither  between  the  curve  and  switch-rail  at  M,  or  between  ths 
curve  and  frog-rail  at  J,  all  of  which  will  change  very  lUi^itly 
the  length  of  lead,  the  closure  lengths  can  be  made  RUoh  ttut 
one  rail  cutting  can  be  eliminated,  and  yet  the  oombiiutianfl 
of  curves  and  tangents  are  mathematically  perfect.  The  detailed 
method  of  computing  these  combinations  is  tedious  and  will 
not  be  elaborated  here,  but  a  series  of  results  developed  fay 
the  A.  R.  E.  A.  is  given  under  the  heading  of  "  practical  leada  " 
in  Table  III.  Part  C. 
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The  above  computations  and  tabular  values  assume  that  the 
two  switch  points  (at  B  and  D)  are  directly  opposite.  This 
would  always  mean  that  the  straight  rail  (BF)  is  somewhat 
shorter  than  the  curved  rail  from  Dto  F.  In  the  maximum  case 
the  difference  is  less  than  4.  inches.  Therefore,  assuming  that 
rails  are  obtainable  at  even-foot  lengths  down  to  27  feet,  or 
24  feet  for  a  No.  4  frog  switch,  the  system  of  practical  leads  never 
requires  more  than  one  rail  cutting.  BUt  even  this  is  some- 
times avoided  by  using  for  the  straight-rail  closure  the  same 
number  and  lengths  of  uncut  rails  as  are  specified  for  the  closure  V. 
of  the  curved  part.  The  chief  effect  of  this  is  that  the  point  of 
the  switch-rail  will  be  located  a  few  inches  below  its  normal  posi- 
tion at  B  and  that  the  gauge  at  the  switch-point  will  be  slightly 
widened  when  the  switch  is  open.  This  effect  is  possibly  an 
advantage  rather  than  a  disadvantage. 

306.  Design  for  a  turnout  from  the  OUTBR  side  of  a  curved 
track.    Fig.  144  is  a  diagram  of  what  the  construction  would  be 


Fia.   144. 

if  the  switch-rails  were  circular  throughout.  Before  the  inven- 
tion of  point  switches  and  when  stub  switches  were  in  universal 
use,  the  lead-rails  were  considered  to  be  circular,  both  for  straight 
and  for  curved  main  track.  If  Eqs.  70  and  75  and  the  corre- 
sponding Eqs.  77  to  80  are  solved  for  any  given  frog,  it  is  foimd 
that  the  lead,  when  using  straight  switch-rails  and  straight  frog- 
rails,  is  considerably  less  than  when  using  circular  lead-rails 
throughout;  also  the  curvature  is  considerably  sharper.  But 
stub-rail  switches  are  obsolete  and  the  mathematical  solutions 
used  for  them  cannot  be  utiUzed,  even  approximately,  for  point 
switches.  If  such  a  diagram  as  Fig.  144  is  worked  out  in  detail, 
as  has  been  done  in  previous  editions,  it  is  found  that 


y 
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(a)  the  lead  (BF)  is  almost  identioal  with  that  computed  lioiii 
Eq.  70  or  74,  when  the  main  line  is  straight.  '     -  - 1 

(b)  the  degree  of  curve  (cQ  of  the  ciroular  switch-rails  woiUd  be 
very  nearly  equal  to  the  degree  of  curve  (d')  of  the  ciraifaHr 
switch-rails  for  a  straight  track  minus  the  degree  of  ourve  (D) 
of  the  main  track;  or,  d=d'— X>. 

I  These  statements  are  more  exactly  true  when  the  degrae  ol 
curvature  of  the  maiti  track  is  small.  Even  for  a  10°  ciunro  on 
the  main  track  the  errors  are  not  large.  It  has  been  found  to  be 
a  needless  refinement  to  compute  the  preGise  mathematieal 
properties  of  the  switch-rails  from  a  curved  iqain  track,  any 
more  than  as  given  by  the  two  principles  stated  ahavmi  Thaie- 
fore 

(a)  the  length  of  the  lead  is  assumed  to  be  the  same  as  that  for 
a  straight  track,  using  the  same  frog,  and 

(b)  the  degree  of  curve  of  the  switch-rails  is  fo^nd  as  stated 
above — in  principle  (6).  As  the  curvature  of  tbe  maintmsk 
sharpens,  the  curvature  of  the  switch-rails  becomes  less  untU 
they  become  straight.  For  still  sharper  main  track,,  the  center 
of  curvature  is  on  the  same  side.  This  is  illustrated  in  "Ffg,  145, 
if  we  consider  the  sharper  curved  track  to  be  the  main  track 
and  the  easier  curve  the  switch.  The  above  rule  is  stiU  appli- 
cable, the  algebraic  sign  of  the  result  showing  the  location  of  the 
center. 

307.  Design  for  a  turnout  from  the  INNER  side  of  a  curved 
track.    As  in  the  previous  section,  Fig.  145  illustvata^  tbe 


/     ^     \^^    .  1  ■     ',- 


I 
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gram  for  circular  lead  rails.     It  may  be  shown  that  the 
of  the  turnout  (d)  is  nearly  the  sum  of  the  degree  off  the 
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track  (D)'and  the  decree  (dT)  of  a'  turnout  from  a  straight  track 
when  the  frog  angle  is  the  same.  The  discrepancy  in  this  oasd  is 
somewhat  greater  thaii  in  the  other,  especially  when  the  curva- 
ture of  the  main  track  is  sharp.  If  the  frog  an^e  is  also  large, 
the  curvature  of  the  turnout  is  exoessivdy  sharp.  If  the  frog 
angle  is  verjr  small,  the  liability  to  derailment  is  great.  Turn- 
outs  to  the  inside  of  a  cu^ed  track  should  therefore  be  avoided, 
unless  the  curvature  of  the  main  track  is  small.  '    1 

308.  Connecting  curve  from  a  straight  track.    The  **  €ob^ 
necting  curve  ''  is  the  track  lying  between  the  frog  and  the  side 


v_- 
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track  where  it  becomes  parallel  to  the  main  track  ( KS  in  Fig. 
146  or  147).  Call  d  the  distance  between  track  centers.  The 
angle  KOiS^F  (see  Fig.  146).  Call,  r'  the  radius  of  the  con- 
necting curve. '  ITien 


(r'-i^)  = 


d—g  —K  sin/ 
vers  F 


y 


FQ^{r'-\g)  sin  F^-K  cos/  . 


7"^   (81) 


(82) 


In  these  equations  (and  in  several  that  follow)  K  is  the  distance 
from  the  theoretical  point  of  the  frog  to  the  heel.  The  length, 
for  each  standard  frog,  is  found  in  Table  III^  Part  B. 
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3og.  Connectiiic  curve  from  ft  cuiv«d  tnck  to  fiia  ODTSmx. 
When  the  m&in  track  is  curved,  the  reqiiingj  qusntitiefl  are  tlie 
ladiuB  of  the  connecting  curve  fram  K  to  8,  Fig.  147,  and  it> 
length  or  central  angle. 

The  accuracy  of  all  these  computationa  en  switches  SMtd  ttogf 
in  curved  main  track  is  vitiated  by  the  fact  that  the  frog-nita 
ate  straight.  The  design  might  be  mathematically  more  perfect 
if  the  main  track  curve  were  transformed  into  two  curves  on 
either  side  of  the  frog  which  had  centen  separated  u  far  as  the 


length  of  the  frog,  but  this  would  introduce  a  very  gnat  and 
needless  complication  and  is  never  done.  I^e  more  simple  aohi- 
tion  is  to  consider  that  the  frog-rail  is  a  chord  of  the  original 
curve,  which  (a)  narrows  the  track  gauge  by  {ui  amount  equal  to 
the  middle  ordinate  of  that  chord  and  whitA  (f>)  is  not  tangent 
to  the.  curve  at  either  end.  For  all  ordinary  curvattUe  neither 
of  these  theoretical  defects  is  vitally  objectionable  or«ven  appro- 
ciable:  In  Fig.  147  KC  is  practically  perpendicular- to  one  frof- 
rail  aod  KO,  is  exactly  perpendicular  to  the  other  frog-niL 
Therefore,  the  angle  C^Oi  equals  the  frog  angle  P..  While  ths 
following  calculations  are  amply  precise  for  practical  puipoaca, 
the  discrepancy  from  strict  mathematical  aoourac?.  Bbould  be 
noted  anij  propefly  valued. 
In  the  triangle  CSK 

CS+CK:CS-CK::taiiHCKS+CSK):taai{CKS-C3lO; 

but  UCKS+CSK)~90-H';   and,  smce  the  tnaagle  OiffK  h 
isosceles,  UCKS-CSK)  =  iF; 
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.-.  2R+d+K  sin  F  :  d-g-K  sin  f  ::cot  H  :  tan  JF 
"cotJF  :tanj^; 

2nid-o-K^nF) 

^*      2R+d+KBinF  ^    ' 

From  the  triangle  CO,K  we  may  derive 

r-ig  :R+ie+K8iaF::^<p  :  sin  (F+if'); 

.-i,-(«+l,+K«>F)j;=ii (8.) 

Abo 

KS=2(r-iff)Bini(f+^) (85) 

310.  Coimectliis  curve  tnaa  a  curred  track  to  tb«  INSIDX. 
As  above,  it  may  readily  be  deduced  from  the  triai^e  CKS  (see 
Fig.  148)  that 


CK+CS  :  CK-CS::  tan  i(CSK+CKS)  :   tan  UCSK-CKS); 

{2R-d-K^F)  :  {d-g-KeinFr.  cot  Ji/-  :  tan  if ; 

2n(d-g-K  B\n  F) 

taniJ.=— i (86) 

'^      2R-d-KBinF  ^    ' 

From  triangle  CO,K, 

OtK  :  CJC::sin  if  :  sin  (F-iA); 

(r-lB)  :  (ff-ip-K  sin  f)  "8in  ^  :  sin  (F-^): 

.    (r-ig}-(fi-ig-Ksinf)    .7/  „■     .     ,     t87) 
am  (,F—f) 
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Aim 

KS=2iT~ig)^i{F-*) (88) 


Two  other  cases  «k>  possible,  (a)  r  nuy  increaae  until 
becomes  iofinite  (see  Fig.  149),  thea  F—^.  Iq  micb  ft  e 
we  may  write,  by  substituting  in  Eq.  80, 

2B-d-KBinF=4n'((i-p-XMn^.   .     .     ^ 


Thb  equation  shows  the  value  of  R  which  nnden  this  eaae  pw 

nble.     (b)  ^  may  be  greater  than  V.    Aa  before  (see  Fig.  IfiO). 

t^-R-d.-Km-aF)  :  Cd-ff-iC  wn  F)::oot  t#  :  t»  if; 

^       ,,     2n(d-g-KmnF) 

*^^*^  2R-d-K^F 

the  same  as  Eq.  86,  but 

(r+ig-(B-ig-itflin/)     ™'^-.      .    .    00 
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Problem.    T6  find  the  dimensions  of  a  connecting  curve  run- 
ning to  the  INSIDE  of  a  curved  main  track;  number  9  frog,  4*  30' 

curve,d  =  13',fif=4'8i". 


Solution. 


13.00Q 
5.816 

7.184 


B  =1273,6 

2/2=2547.2 

(<J+.K  sin  F)  =14.108 


K'^Wty'KemF     «»1.108 

(^  =4.708 

5.816 

22? -5 --K  sin  F  =2533.1 
log  =3.40365 
co-log  =6.59635 


Since  F>^,  we  must  use  Eq.  87,  rather  than  Eq.  90. 

i(;  =2.354         12 -Ja-X  sin  F  =  1270.1 
It  sin  F=l. 108         (F-iA)=1855";  log         =3.26834 

4.68557 


sum 


'3.462 


log  2n»  1.25527 


log  7.184  ^0.95636 


co-log  1*6.59635 

log  tan  }^=  8. 70799 

^,^=3"  55*20" 
^  =5*'  50'  40" 
F=6»21'35" 

!/    =   ' 


log 
log  sin  /»  = 


7.95391 
co-log  =2.04608 


eo-log=2.046Qi8 


r-Ja  =  14381.2 
r  =  14383. 5 
d=0<»24' 


4.15779 


[Eq.  88]. 

i(F-^)«987.5";  log«2. 96731 

4.68557 


r-ig 


■in  *(F-^)  ^7.65289 


ITS  =129.33 


0.30103 

4.15779 
7.35P89 

2,lU7i 


3X1.  Crossover  between  two  parallel  straight  tracks.  (See 
Fig.  151.)  The  turnouts  are  as  usual.  The  cross-over  track 
may  be  straight,  or  it  may  be  a  reversed  curve.  The  reversed 
curve  shortens  the  total  length  of  track  required,  but  is  somewhat 
objectionable.  l?he  first  method  requires  that  both  frogs 
must  be  equal.  The  second  method  permits  unequal  frogs, 
although  equal  frogg  are  preferable.  The  length  of  straight 
crossover  track  js  jPx7, 
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P,T  sin  Fi+g  «me  Pt^d-g; 


=  DFi+D,Ft+XY~XF,; 


X¥  =  (d-g)  BotFi; 

XF,=g-i~BiaFt; 


.:  D,Z-2D,F,+(d-g)eotFi- 


t 
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311.  CrossoTer  between  two  parallel  cnrml  tracki.    Uitac 

a  strai^t  coimectiiiK   curve.      This  solution  has  limitationB. 

If  one  frog  (^,>  is 

chosen,  Ft  miut   bg 

determinnd,  being  a 

fvinction  ci  Fi.     U 

Fi  is  len  than  aonia 

limit,  dependiDS  oil 

the  width  ((f)  betwem 

the   panllel    tnuk^ 

thisedutioi  beeomai 

Fia  152.  impoarible.     In  Kg. 

152    aaBiime    Fx   •■ 

known.     Then  KiN—g  eec  Fi.      In  the    triangle  NOKt  «o 

have 

^  NKfi  :  Bin  KJfO::NO  iK^; 
sin  K^O=eoa  fi;  iVKiO=90°+/'i; 
.-.sin  NKJD-(x»P,. 
NO^R+id~\g-K,siaF,-gBe<iFi;    K^O-B-id+y 

. .  cos  Fi  =  008  Pi ■  ,    ,     tBSi 
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The  solution  of  this  equation  involves  the  frog  angle  Ft,  whicih  is 
the  angle  sought,  but  there  is  little  error  in  considepng  in  this 
solution  that  Ki  sin  Ft  is  numerically  equal  to  Ki  sin  Fi  and 
solving  accordingly.  If  the  computed  value  of  ^a  is  very  different 
from  Fi,  it  would  be  more  precise  to  recompute  Eq.  93  by  sub- 
stituting for  K2  sin  Fj  the  more  exact  quantities  obtainable 
from  the  first  trial  solution.  The  relative  position  of  the  frogs 
Fi  and  Ft  may  be  determined  as  follows : 

ATOaX:  =  180°  -  (90** -Fi)  -  (OO^'+Fa)  =  Fi -F,. 

Then     0Fi--2{R+id-ig)  sin  i{Fi-Ft) -\-Ki  cos  Fi.        .     (94) 

There  is  a  theoretical,  but  practically  inappreciable,  inac- 
curacy in  Eq.  94,  since  the  chord  GFi  is  really  the  sum  of  two 
chords  of  which  one  is  the  chord  from  the  point  G  to  the  point 
where  ON  produced  intersects  the  gauge  line.  After  locating 
G,  the  point  radially  opposite,  on  the  outer  gauge  line  of  the  inner 
track,  may  be  located,  from  which  the  frog-point  Ft  is  located 
at  a  distance  of  Kt  cos  Fj.  Note  that  these  frog-points  referred 
to  are  the  theoretical  points.  Due  allowance  must  be  made 
during  location  for  the  "  frog  blimtness." 

In  general,  the  value  of  F2  computed  from  Eq.  93  is  not  the 
angle  of  any  standard  number-frog,  and  a  strict  compliance  with 
theory  would  require  that  the  frog  should  pe  made  to  order. 
This  is  needlessly  expensive  and  the  nearest  size  frog  may  gen- 
erally be  used  without  appreciable  error. 

Example.  A  crossover  between  parallel  tracks  on  a  6**  curve, 
the  track  spacing  d  being  13  feet.    Fi  assumed  a  No.  9  frog. 

[Eq.  031 

ie  =955.37  J(7=2.35  iTi^lOft. 

id-     6.6  KiBinFi"!.!!  sin  Fi-. 11077 

-     8.20                            8.20 
953.67 log -2.97940 


J2  =955.37 
fa»     2.35 
Ksein  Ft*'     1.11  (assumed  =  to  ITi  sm  Fi) 

958.83 
-id- -6.5 

962.33 log -2.97879 

0.00061 
log  cos  Fx      .     .     9  ■  99732 

Ft  -  5*  35'  30"  log  cos  5«  35'  30  '  9 .  99793 
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This  angle  is  within  8  minutes  of  the  angle  of  a  No.  10  fipog; 
which  could  be  used  without  appreciable  error.  The  point  A 
would  be  shifted  laterally  .023  foot,  or  about  }  inoh,  but  thin 
would  be  no  visible  irregularity  in  alinement. 

NOKi=Fi -Fj  =6'  21'  35" -5*  35'  30" -0* 46'. 

[Eq.  94]         i2+id  =961.87 

~|g=-2.35  2    .     .    log-O.SOlOB 

959.52 loB-S.miQ5 

sin  \NOKt -sin  O*"  28^  »7.825U 

12.84  k«-1.10|9 

^icosFi-  9.94 

GFi«22.78 

•It  is  instructive  to  note  that  if  the  same  crossover  problem  fl 
worked  out  for  a  straight  track,  as  in  §  311,  using  No.  9  fro|p 
on  both  tracks,  the  distance  between  frog  points,  meamied 
parallel  with  the  track,  is  nearly  the  same  as  in  the  above  prob* 
lem,  especially  when  the  distance  12.84,  measured  on  the  outer 
track,  is  reduced  by  bringing  it  in  to  the  center  line.  TBIb  v 
analogous  to  the  statement,  previously  made,  that  the  lead  of  a 
switch  on  a  curved  track  is  nearly  the  same  as  that  for  a  atraigjit 
track. 

It  is  theoretically  possible  to  find  two  standard  frog  an|{hi 
which  may  be  so  located  that  the  connecting  curve  comaBtl  of 
straight  lines  and  circular  curves,  which  connect  taogentiaJly, 
making  perfect  alinement,  but  such  methods  are  v^y  OO19- 
plicated  and  the  above  method  is  sufficiently  exact  for  praetieil 
purposes.  *' 

313.  Practical  rules  for  switch^Uijring.  A  consideration  of 
the  previous  sections  will  show  that  the  formuke  are  oompanr 
tively  simple  when  the  lead-rails  are  assumed  as  circular;  that 
1  they  become  complicated,  even  for  tiunouts  from  a  strai^t 
main  track,  when  the  effect  of  straight  frog  and  poilit  jaib  is 
allowed  for,  and  that  they  become  hopelessly  compjicated  when 
allowing  for  this  effect  on  turnouts  from  a  curved  main  tiiiMsl& 
It  is  also  shown  (§  306)  that  the  length  of  the  lead  is  )iractacal]y 
the  same  whether  the  main  track  is  straight  or  is  curved  with 
such  curves  as  arc  commonly  used,  and  that  the  degree  of  curve 
of  the  lead-rails  from  a  curved  main  track  may  be  found  with 
close  approximation  by  mere  addition  or  subtraction.  IVom 
this  it  may  be  assumed  that  if  the  length  of  lead  (f^)  iiri  the 


h 
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rjidius  of  the  leBd-rails  (r)  are  eoraputed  from  Eq.  77  ind  80  for 
various  frog  angles,  the  same  leads  may  be  used  for  mirved  main 
track;  also,  that  the  degree  of  ourve  oi  the  lead-fails  may  b« 
found  by  addition  or  subtraction,  as  indicated  in  $  306,  and  that 
the  approximatione  involved  will  not  be  of  practical  detriment. 
Id  aocordanoe  nith  this  plan  Table  III  has  been  computed  from 
Eq.  77,  78  and  80.  The  l^adt  there  given  may  be  used  for  all 
mun  tracks,  straight  or  curved.  The  table  gives  the  degree  of 
curve  of  the  lead-rails  for  atmight  main  track ;  for  a  turnout  to  the 
intide,  add  the  degree  of  curve  of  the  main  track;  fw  a  turnout 
to  the  ouleide,  subtract  it.  : 

But  there  ore  complications  resulting  from  practicid  and  eco- 
nomical switch  conetruction.  A  committee  ai  the  A.  K.  E.  A., 
in  1031,  adopted  certain  standards 
in  details,  which,  when  applied  to 
Eqa,  77  to  80  give  the  values  for 
switch  dimeosinna  as  quoted  in  the 
second  section  of  Table  III.    They 

adopted  four  lengths  of  swit^ih-rails.  ' 

In  each  case  the  "  point  "  is  always  ^ 

\"  thick.  The  gauge  line  at  the 
other  end  is  always  to  be  placed 
6i"  from  the  gauge  line  of  the  main 
rail,  and  the  planing  is  so  done  that  . 
when  in  this  position  the  switch- 
rail  lies  against  the  main  rail. 
Therefore  the  angle  a  is  always  an 
angle  whose  dne  equals  6  inches  (or 
0.5  foot)  divided  by  the  length  of 
the  switch-rail  in  feet.    In  Fig,  153,  '"' 

the  point  D  is  not  on  the  gauge  line  of  the  main  rail  but  at  a 
point  i"  away  from  it,  and  the  point  M  6i"  away  from  it.  The 
straight  rail  Bf  consists  of  a  point-rail  at  one  end,  the  "closure 
rails,"  and  one  of  the  toe  rails  of  the  frog  at  the  other  end.  The 
closure  raib  will  in  general  conaLit  of  one  rail  cut  to  a  computed 
length  and  one  or  more  rails  from  24  to  33  feet  long,  the  lengths 
being  in  even  feet.  The  curved  rail  DF  will  also  consist  of  a 
point-rmi,  a  trc^  toe-rail,  and  one  or  more  lengths  of  closure 
rail,  but  the  closure  rails  in  this  case  are  slightly  longer  than 
those  for  the  straight  rail.  Since  it  is  always  practically  easier 
to  measure  to  -the  "  actual  point  "  of  a  frog  (see  Pig.  134),  rather 
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than  to  the  theoretical  point,  Table  III  gives  the  -^liafr^im^  JJ^ 
which  is  the  distance  L  =  BF^  plus  the  ''  frog  bluntneaa^" 
which  is  found  by  multiplying  \"  (=0.0417  foot)  by  the  frog 
number. 

The  curvature  for  a  curved  switch-rail  (for  a  straii^t  tmek) 
is  most  readily  determined  by  measuring  off  a  series  of  ordiiuitflB 
whose  origin  is  at  the  switch-point  D,  Fig.  153,  the  pointB  being 
the  center  and  the  quarter  points  of  the  actual  curve.  Movo 
accurately,  the  origin  is  on  the  gauge  line  of  the  main  rail,  oppeate 
D,  which  is  \"  from  the  gauge  line.  These  ordinateSy  as  oom- 
puted  on  the  basis  of  '^  practical  leads/'  by  the  A.  R.  E.  A.  ooofr- 
mittee,  are  quoted  below.  It  should  be  remembered  that  the 
system  of  practical  leads  usually  involves  a  very  short  taDgent 
adjacent  to  either  M  or  J,  and  that  the  line  MJ  for  "  praotictl 
leads  "  is  not  entirely  an  arc. 


TABLE    XXV.  —  RECTANGUIAR    COORDmATBS    TO    THB    QVi 

AND  CENTER  POINTS  ON  THE  GAUGE  SmE  OF  CUHVJCU  BAII^ 
REFERRED  TO  POINT  OP  SWITCH-RAIL  AS  ORIGIN. 


Frog 
No. 

Measured  along  main  rail. 

Measured  perpendieular  to 
mam  rail. 

X 

Xi 

Xt 

Y 

Fi 

n 

5 

6 

7 

8 

9 

10 

11 

12 

14 

15 

16 

18 

20 

17.92 
19.19 
26.71 
28.10 
28.75 
30.28 
40.74 
43.99 
41.10 
52.00 
53.23 
54.73 
57.75 

24.83 
27.37 
36.92 
39.71 
40.98 
44.05 
56.47 
60.65 
60.21 
74.00 
76.46 
79.46 
85.50 

31.75 
35.56 
47.12 
51.31 
53.19 
57.81 
72.19 
77.28 
79.31 
96.00 
99.69 
104.19 
113.25 

0.97 

1.03 

0.98 

1.006 

1.02 

1.04 

1.08 

1.15 

1.08 

1.03 

1.04 

1.06 

1.10 

1.69 
1.79 
1.72 
1.77 
1.76 
1.79 
1.84 
1.90 
1.87 
1.81 
1.83 
1.86 
1.91 

2.09 

a. 88 

8.78 
8.80 
8.76 
3.78 
3.87 
3.91 
3.91 
3.86 
3.89 
3.91 
3.9B 

If  the  position  of  the  switch-block  is  definitely  detennined, 
then  the  rails  must  be  cut  accordingly;  but  when  some  freedaal 
is  allowable  (which  never  need  exceed  16.5  feet  and  may  iwiuiie 
but  a  few  inches),  one  rail-cutting  may  be  avoided.  MaA  on 
the  rails  at  B^  h\  and  D;  measure  off  the  length  DN  and  locpte 
the  point  M  at  the  distance  6}"  from  N.  If  the  frog  mast  be 
placed  during  the  brief  period  between  the  mni^iiig  times  of 
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trains,  it  will  be  easier  to  joint  up  to  the  heel  of  the  frog  (the 
point  K'y  Fig.  153),  a  piece  of  rail,  the  farther  end  of  which  will 
just  reach  the  next  joint  and  also  joint  up  to  the  toe  of  the  frog 
the  straight  closure  rail  and  the  point-rail.  Then,  when  all  is 
ready,  the  rails  are  loosened  from  the  ties  back  to  By  the  joint  * 
beyond  the  frog  is  removed  and  the  whole  rail  back  to  B  is  swung 
outward.  The  new  combination  is  shoved  into  place  and  spiked, 
even  the  point-rail  being  temporarily  spiked  to  hol<l  it  in  place 
as  a  main  track  rail,  until  the  other  switch-rail  and  the  tie  rods 
can  be  placed.  When  the  frog  is  thus  in  place,  the  point  / 
becomes  located.  The  curved  closure  rails,  as  called  for  in 
Table  III,  should  prove  to  be  just  long  enough,  when  properly 
curved,  to  fill  in  the  gap  between  M  and  /.  Using  the  proper 
pairs  of  values  for  X  and  Y  as  given  above,  the  three  values  of  X 
may  be  measured  on  the  main  track  rail  from  the  point  D,  and 
the  corresponding  offsets  will  give  points  on  the  ciu-ved  switch- 
rail.  The  old  main  track  rail  which  was  bent  outward  from  B 
may  be  utilized  as  the  other  switch-rail  and  set  to  gauge  from  the 
rail  just  located. 

Example. — Given  a  main  track  on  a  4**  curve — a  turnout  to 
the  outside,  using  a  No.  9  frog;  gauge  4'  8J";  Tr  =  6'.00;  /f =6i"; 
S^W  6"  aiid  a  =  l°  44'  11"  Then  for  a  straight  track  r 
would  equal  605.18  [d  =  9°  28'  42"].  For  this  curved  track  d 
wiU  be  nearly  9°  29' -4°  =  5**  29',  or  r  will  be  1045.3.  L'  for  a 
straight  track  would  be  72.28,  and  is  here  considered  to  be  the 
same.  The  closure  rails  have  a  total  arc  length  of  49.59,  and 
will  here  be  taken  the  same.  Note  that  the  curved  and  straight 
closure  rails  each  have  odd  lengths  which  are  made  by  one  cut 
of  a  33-foot  rail.  This  avoids  all  rail  waste  and  also  one  rail- 
cutting  and  the  boring  of  holes.  \  J 

314.  Slips.  Track  movements  in  crowded  yards  are  facili- 
tated by  using  "  slips  "  (see  Fig.  154),  which  may  be  "  single  " 
or  "  double."  The  crossiug  of  two  rails  is  done  either  by  oper- 
ating two  movable  rails  or  by  using  fixed  "  frogs,"  but  a  com- 
parison of  the  continuity  of  the  running  rails,  using  ordinary 
frogs  (see  Fig.  134)  and  these  frogs,  will  show  their  radical 
difference.  These  slips  can  be  used  for  frog  angles  from  No.  6 
to  No.  15.  The  levers  are  so  connected  that  the  several  opera- 
tions necessary  to  set  the  rails  for  any  desired  train  movement 
are  accomplished  by  one  motion. 
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CBOSSINflS, 

315.  Two  Btrajght  tracks.  When  two 
Btraight  tracks  croee  each  olhw,  four  froga 
are  necessary,  the  angles  of  two  of  them 
being  supplementary  to  the  angles  of  the 

other.     Since  such  crossings  are  sometimes 
operated   at  high   sp>«ds,    they  should   be 


very  strongly  cooBtructed,  and  the  angles  should  preferably  be 
90°  or  BE  neai*  that  as  possible.  The  frogs  will  not  in  general 
be  "  stock  "  frc^  of  an  even  number,  especially  if  the  angleei  ore 
large,  but  must  be  made  to  order  with  the  required  angles  as 
mesBured.     In  Fig'.  155  are  shown  the  dot^iis  of  such  a  crossing. 

Note  the  fillers,  boit«,  and  guard-rails.  _. 

316.  One  straight  and  one  currad  track.  Structurally  the 
crossing  is  about  the  soibe  as  above,  but  the  frog  angles  are  all 
unequal'.    la  Tig.  1&6,  j^  U  kpown,  and  the  angle  M,  made  by 
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the  center  lines  of  the  tracks  at  their  point  of  intenectioii,  b 
also  known.  M  =  NCM.     NC  =  RcmM. 

(B-ia)fxaFi=NC+igi     .:  cog  F.-" '^^"'"K 
B+ig      '       "■  R+^g      ' 

"*    *°       «-*0      'J 
f^."(fi+i?y8inP,-(ff-iff)8inF.;  1  ^. 

^^.-(fl-iKJtsinf.-fiinf,).  J    '     ■    ^    ' 


Fia.  I5& 

317.  Two  cinred  tracks.  The  four  frogs  an  t 
the  angle  of  each  must  be  computed.  The  radii  Ri  and  Rt 
are  known;  also  the  angle  M.  ri,  rt,  r,  and  rt  ate  tbeiefon 
known  by  adding  or  subtracting  ig,  but  the  lines  an  ao  in- 
dicated for  brevity.  CaU  the  angle  AfCiCi-Ci,  the  anck 
AfCiCi-C,  and  the  line  CiC>-c.    Then 

""*  tani(C,-CO-eotiM^^.     .     .     .    <W) 

Ci  and  Ci  then  become  known  and 
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In  the  triangle  FtCxC,,  oaM  i(<:+r,+r.)=s,;    s.-iCc+r.+rJ; 


»t  =  i(.c+ri+rii;    and  «»-i(«+r«+r,).     Then,  by  formula  29, 
Table  Xiy, 


a. 

-r,K. 

-r.) 

'"jr, 

2(. 

-r,)(. 

-',) 

r,T, 

2(. 

-r,)(. 

-r.l 

■inCiCi/^.-Binf,-'; 

.=.    FAf.-CiCjF.-C.CiP^ (100 

BinfiC.Cj-sinf,^; 

.-.    F,C,F,~F,CiC.-F,C,Ct;  ....         (101 
trom  which  the  chonia  F,F,  and  F,F,  are  readily  computed. 
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F1F3  and  F3F4  are  nearly  equal.   When  the  traefcs  are  crtraiglil 

and  the  gauges  equal,  the  quadrilateral  is  equilateral. 

Problem.  Required  the  frog  angles  and  dimensions  for  a  cross- 
ing of  two  curves  (Z)i=4°;  I>2=-3°)  when  the  angle  of  their  tan- 
gents at  the  point  of  intersection  —02^  28'  (the  angle  M  In 
Fig.  157). 


Solulion 


Eq.  97. 


Eq.  08. 


i2i«1432.7;  i?j-1910.1; 
n  ^iiJa+Jgr-lOlO. 1+2. 35-1912. 45; 
Ti  «i2,-iflr«1910.1-2.36-19C7.75;  ' 
r,  -i?i  +  i^-1432. 7+2. 35-1435.05; 
Ta  «i2i-iflr-1432. 7-2. 35-1430. 35. 

log  cot  }Ar -0.21723 
iE^-i^i  =477.4;  log  -2.67888 

R2+Ri=SS42.8;  log-3.62411;    co-log -6. 47589 

J(Ci-C,)  =  13°  15'  07";  tan  13*  15'  07" -9. 37200 
HCi  +  C^)  =58°  46'       Ii(Ci  +  Cj)  -90*»- JJlf] 

Ci=72°01'07" 
C,=45°30'53" 

iog%-d:;28i05 

log  sin  Af —9 .  04773 
log  sin  Ci-9. 97825;  00-log -0.02175 


c=C,C,  =  1780.7; 

log  CiC, -3. 25069 

Eq.  99. 

c- 1780.7 

c- 1780.7 

€-1780.7 

c- 1780.7 

n- 1912.45 

r,- 1907.75 

n- 1912.45 

fk- 1907.76 

r*- 14.30.35 

r4- 1430. 35 

rk-14a6.05 

n-1436.05 

2|5123.50 

2  5118.80 

2  5128.20 

2|5123.60 

»i  =  2561.75 

as  «  2559. 40 

«3-2564.10 

«i-2661.76 

«i-ri=  649.30 

»2— ra—  651.65 

aj-n-  661.65 

t<-fk-  654.00 

«i-r4- 1131.40 

-r4- 1129.05 

«s'r&-1129.06 

«4—f)— 1126.70 

log  2-0.80103 

(•i-r,);    lo«64Q.80-2.8UM 

(•i-rO;  loc  1131.40-8.06861 

n- 1912.45;    log-3.2S159; 

eo4ac-6.71841 

r4*  1430. 35;    log -3. 15544; 

oo4oc->6.844fi6 

Fi-02«  25'  31": 

log  vers  62*  26'  Sl^-0. 78006 

loc  2-o.aoios 

it-r^y,    loc  661.65-8.81401 

(•s-r*):  log  1120.06-8.06871 

ri- 1907.75;    1ok-3. 280521 

oo-U«-6.71M8 

f4- 1430. 35;    log -3. 15544} 

.  e&4oc-6._M48« 

log  vers  62* 

dyftsr-rmii 

wkhf V 
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ri«  1912.45;    log-3.2S159; 
r;,=  1435.06;    1ok-3.1568S; 

Fa  =  62°  2r  57"'; 


r2-1907.75;    log-3. 28052; 
r3=  1435.05;     log -3. 15686; 

F4  =  62°  30"  14""; 


lo«S-0. 30103 

(•a-r,);    log  651.65-2.81401 

(«8-ra);  log  1129.05  =  3.05271 

co-log-6.71841 

oo-log-6. 84318 

log  rew  62"  31*  57'^ -9. 72930 

log  2-0.30103 

(«4-r2);    log  654.00-2.81558 

(»4-rs);  log  1126.70-3.05181 

co-log -6. 7 1948 

co-log -6. 8431 3 

log  vers  62<»  30"  14" -9. 73 103 


As  a  check,  the  mean  of  the  frog  angles  —  62**  27'  54  ',  which  is  within  6"  of 
the  value  of  A/. 


Tq.  100. 


C1C2F4-45*  Zr  61"; 


log  c- 3. 25059; 


log  sin  F4- 9. 94 794 

log  ra- 3. 15686 

co-log  c— 6.74940 

BinCiC2F4-9.S542r 


C,r2F2=45«  28'  17"; 

F2r2F4  =  45*»  37'  61"-45«  28'  17"-0°  09"  34". 


K0*09'34")-0O04'47 


/', 


log  sin  F2' 

log  r4 ' 

co-log  C-- 

sin  C1C2F2' 

log  2 

log  r2' 

log  sin  — 


=9.94818 

-3.15544 

6.74940 

'9.85303 


F-^F.;  =  5.309; 
Eq.  101. 

FiC,C2-72*»  W  22f\\ 


=  0.30103 

3 . 28052 

4.68557 
2.45788 

0.72.'i06 


( 


log  F2F4 

sin  Fx 
logri 
co-log  c 

8inFiC,C2=9.97863 


-9.94763 
=  3.28159 
=  6.74940 


F2C1C2-71®  hT  38"; 

F1C1F2-72**  lO'  23"-71*  57'  38" -0°  12"  44". 


sin  F2 

log  ro 

co-log  c 

sin  F2Cir2 


log  2 
logr4 

\iQP  12"  44"" )  =  0°  06'  22"' ;     log  sin 


=  9.94818 
=  3.28052 
=  6.74940 
=  9.97811 

=  0.30103 

-3.15544 

4.68557 

2.58206 


( 


F,F,"6.298; 


logFiFa- 0.72411 


As  a  check,  FJ^^  and  FjFj  are  very  nearly  equal,  as  they  should 


be. 


366  RAILROAD  CONSTRUCTION.  §817. 

The  foregoing  problems  on  switches,  connecting  curveB  and 
crossings  cover  only  a  few  of  the  most  common  of  the  problems 
encountered  by  the  engineer.  For  the  solution  of  a  far  wider 
range  of  problems,  the  engineer  is  referred  to  "  Track  FonnuI» 
and  Tables,"  by  S.  S.  Roberts.    [Wiley  &  Sons.] 


CHAPTER  XII. 

MISCELLANEOUS  STRUCTURES  AND  BUILDINGS. 
WATER-STATIONS  AND   WATER-SUPPLY. 

318.  Location.  The  water-tank  on  the  tender  of  a  locomo- 
tive has  a  capacity  of  from  3000  to  10000  gallons — sometimes  less, 
rarely  very  much  more.  The  consumption  of  water  is  very  vari- 
able, and  will  correspond  very  closely  with  the  work  done  by 
the  engine.  On  a  long  down  grade  it  is  very  small;  on  a  ruling 
grade,  going  up,  using  full  stroke,  an  engine  with  2S-in.  cylinders, 
30-in.  stroke,  180  lbs.  boiler  pressure,  will  use  4.59  lbs.  of  steam, 
or  water,  per  stroke  or  18.36  pounds  per  revolution.  With 
63-in.  drivers,  the  circumference  is  16.5  feet  and  there  will  be 
320  revolutions  per  mile.  The  engine  will  use  5875  lbs.  or  700 
gallons  of  water  per  mile.  This  engine  has  a  tank  capacity  of 
9000  gallons,  which  would  permit  running  about  12  miles  at  full 
stroke.  But  it  is  very  rare  that  a  locomotive  must  work  for 
such  long  distances  at  full  stroke.  After  starting  and  attaining 
full  normal  speed,  the  valves  may  be  set  to  cut  off  at  one-fourth 
stroke,  or  even  at  one-fifth  or  one-sixth  for  high  speed  running. 
With  ordinary  grades,  such  an  engine  might  average  200  gallons 
per  mile,  in  both  directions.  A  quoted  numerical  case  is  that  of 
a  106-ton  engine  using  7,500,000  gallons  during  an  annual  mileage 
of  45000  miles.  This  means  an  average  of  167  gallons  per  mile. 
Observations  were  taken  in  1910,  on  the  N.  Y.  Central  R.R., 
where  the  grades  are  moderate,  showing  that  the  heavy  pas- 
senger trains  of  eight  to  twelve  cars  consumed  80  to  100  gallons 
of  water  per  mile  and  that  freight  trains  of  about  fifty  loaded 
cars  consumed  from  110  to  130  gallons  per  mile.  These  figures 
are  far  less  than  those  given  above,  but  the  grades  on  the  N.  Y. 
Central  are  very  light. 

Freight  engines,  running  at  lower  speeds  and  longer  cut-off, 
require  more  frequent  water-tanks  than  passenger  engines. 
Even  before  a  road  is  built,  the  water-tank  requirements  and  the 
TniniTniim  spacing  may  be  computed  on  the  basis  of  the  steam 
consumption  (see  §  454),  of  the  locomotives  with  which  it  is 
expected  to  handle  the  estimated  traffic  of  the  road.  Usually 
tanks  will  be  located  at  intervals  of  10  to  20  miles. 

367 
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In  the  early  history  of  some  of  the  Pacific  railroadd  it  was  nec- 
essary to  attach  one  or  more  tank-cara  to  each  train  in  order  to 
maintain  the  supply  for  the  engine  over  stretches  of  100  miles  and 
over  where  there  was  no  water.  Since  then  water-stations  have 
been  obtained  at  great  expense  by  boring  artesian  wells.  Tbe 
individual  locations  depend  largely  on  the  facility  with  which  a 
sufficient  supply  of  suitable  water  may  be  obtained.  BtmiiDS 
intersecting  the  railroad  are  sometimes  utilized,  but  if  siidi  a 
stream  passes  through  a  limestone  region  the  water  is  apt  to  be 
too  hard  for  use  in  the  boilers.  More  frequently  wells  are  dug  or 
bored.  When  the  local  supply  at  some  determined  point  is 
unsuitable,  and  yet  it  is  necessary  to  locate  a  water^tation  there, 
it  may  be  foui^d  justifiable  to  pipe  the  water  several  mileB.  Hie 
construction  of  municipal  water-works  at  suitable  places  along 
the  line  has  led  to  the  frequent  utilisation  of  such  supplies.  In 
such  cases  the  railroad  is  frequently  the  largest  sin|^  oonsumor 
and  obtains  the  most  favorable  rates.  When  possible,  water- 
stations  are  located  at  regular  stopping  points  and  at  divisioii 
termini. 

319.  Required  qualities  of  water.  Chemically  piire  water  u 
imknown  except  as  a  laboratory  product.  The  watmr  suppUed 
by  wells,  springs,  etc.,  is  always  more  or  less  charged  with  cal- 
cium and  magnesium  carbonates  and  sulphates,  as  well  aa.  other 
impurities.  The  evaporation  of  water  in  a  boiler  preoipitaftaB 
these  impurities  to  the  lower  surface  of  the  boiler,  where  thegr 
sometimes  become  incrusted  and  are  difficult  to  remoYei  .The 
protection  of  the  iron  or  steel  of  a  boiler  from  the  fieroe  heat  of 
the  fire  depends  on  the  presence  of  water  on  the  other  aide  ol  the 
surface,  which  will  absorb  the  heat  and  prevent*  the  xnetaft  Iran 
assuming  an  excessively  high  temperature.  If  tiie  water- Bide 
of  the  metal  becomes  covered  or  incrusted  with  a  depoait  of 
chemicals,  the  conduction  of  heat  to  the  water  is  nweh  h&m 
free,  the  metal  will  become  more  heated  and  its  deterioratioBi  or 
destruction  will  be  much  more  rapid.  An  espeoiafly.aMmhon 
effect  is  the  production  of  leaks  around  the  joints  between;  te|bai 
and  tube-sheets  and  the  joints  in  the  boiler-plates.  Siieh  iojwy 
can  only  be  prevented  by  the  application  of  OBp  (or 'man) 
of  three  general  methods — (a)  the  mechanical  cleaniiig  of  d» 
boilers,  (h)  the  chemical  purification  of  the  water  befbieiifti  latRH 
duction  into  the  boiler,  and  (c)  the  use  of  some  '^  bdOsv  Com- 
pound ^'  which  is  introduced  directly  into  the  boiler  and  wlnoh 
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causes  precipitation  of  the  harmful  ingredients  as  non-incnistiDc 
solids  which  can  be  readily  blown  out. 

320.  Mechanical  cleaning,  as  a  sole  dependence  is  impracticable 
except  in  the  comparatively  rai«  localities  where  the  water  is  ao 
**  soft ''  that  no  incrusting  deposits  will  be  made  and  such  pre* 
cipitation  as  does  take  pt^ee  is  of  such  a  character  that  it  is 
removable  by  blowing  out  the  boiler.  There  are  many  rail- 
roads, especially  the  smaller  ones,  which  do  not  give  any  chem- 
ical treatment  to  any  of  their  engine  water-supply,  and  yet 
which  are  not  fortunate  enough  to  obtain  even  approximately 
soft  water.  The  only  method  by  which  such  roads  can  prevent 
a  great  waste  of  heat  and  the  rapid  deterioration  of  boiler  tubes 
and  sheets  is  by  frequent  mechanical  cleaning. 

321.  Chemical  purification  before  the  water  enters  the  boiler 
has  the  advantage  of  removing  the  troublesome  ingredients, 
leaving  nothing  further  to  be  done  except  the  occasional  removal, 
by  blowing  out,  of  the  suspended  matter  or  harmless  matter 
precipitated  by  boiling.  Sodium  carbonate  is  the  most  common 
reagent.  It  is  commercially  sold  as  **  soda  cr3n3tals,  sal  soda, 
washing  soda,  Scotch  soda,  concentrated  cr3rstal  soda,  sesqui* 
carbonate  of  soda,  crystal  carbonate  of  soda,  black  ash,  soda  ash 
and  pure  alkali."  Although  often  chemically  impure,  it  can 
now  readily  be  obtained  with  a  purity  of  97  to  99%.  The  chem- 
icals which  are  most  common  as  incrustants  are  calcium  and 
magnesium  carbonates  and  sulphates.  The  effect  of  sodiiun 
carbonate  on  calcium  sulphate  is  to  produce  soluble  sodium  sul- 
phate— which  is  non-incrustant — and  calcium  carbonate,  which 
precipitates  into  a  sludge  at  the  bottom  of  the  water  softener 
tank.  The  action  on  magnesium  sulphate  is  similar.  When 
this  is  done  in  a  purifying  tank,  the  purified  water  is  drawn  off 
from  the  top  of  the  tank  and  supplied  pure  to  the  engines.  The 
precipitants  are  drawn  "off  from  the  settling-basin  at  the  bottom 
of  the  tank.  This  purification,  which  makes  no  pretense  of 
being  chemically  perfect,  may  be  accomplished  for  a  few  cents 
per  1000  gallons.  There  are  manufacturers  which  make  a  spe- 
cialty of  machinery,  working  more  or  less  automatically,  which 
introduces  into  the  raw  water  a  measured  amount  of  chemical 
which,  by  analysis,  has  been  calculated  to  be  necessary  with 
that  particular  quality  of  water.  In  spite  of  the  automatic 
features,  such  machinery  needs  constant  attention,  and  the 
water,  both  raw  and  treated,   needs  frequent   analysis  to 
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insure  efficiency,  since  the  character  of  the  raw  water  may 
change. 

Sodium  hydrate,  or  ''  caustic  soda/'  has  the  same  general 
chemical  effect  as  sodium  carbonate,  and  acts  more  quickly  and 
powerfully,  but  its  caustic  nature  makes  it  somewhat  objection- 
able to  handle.  Common  lime,  barium  hydrate,  and  many  other 
chemicals  are  also  more  or  less  used. 

In  the  following  tabular  form  is  given  the  quantities  of  reagents 
required  per  unit  of  scaling  or  corroding  substance  held  in  solu- 
tion, the  table  being  copied  from  the  1915  Manual  of  the  Amer. 
Rwy.  Eng.  Assoc.  "  Where  the  commercial  product  is  not 
chemically  pure,  the  proportion  of  reagents  should  be  increased 
to  correspond  with  an  equivalent  quantity  of  pure  reagent. 
Given  the  analysis  of  a  water,  the  pounds  of  incrusting  or  cor- 
rosive matter  held  in  solution  per  1000  gallons  can  be  obtained 
by  dividing  the  grains  per  gallon  of  each  substance  by  seven,  or 
the  parts  per  100,000  by  twelve.  In  order  to  ascertain  the  full 
amount  of  lime  necessary,  the  amount  of  free  carbonic  acid  con- 
tained in  the  water  should  be  determined,  as  well  as  the  solids 
contained  in  solution,  since  this  free  acid  must  be  eliminated  in 


TABLE  XXVI.  QUANTITY  OF  PURE  REAGENTS  REQUIBBn  TO 
REMOVE  ONE  POUND  OF  INCRUSTING  OR  CORROSIYB  MATTER 
FROM   THE   WATER. 


Incrusting  or  corrosive 

substance  held  in 

solution. 

Amount  of  reagent  (pure). 

Foamiiiiri 

mattat 

increased 

Sulphuric  acid. 

Free  carbonic  acid 

0.57-lb.  lime  plus  1.08  lbs.  soda  ash 

1.27  Iba.  lime 

1.45  Iba. 
Nome 

Calcium  carbonate 

0.5<>-lb.  lime 

None 

Calcium  sulphate 

0.78-lb.  soda  ash 

1.04  iba. 

Calcium  chloride 

0.96-lb.  soda  ash 

1.05  •' 

Calcium  nitrate 

().f)5-lb.  soda  ash 

1.04  •' 

MaRncsium  carbonate. . 

1 .33  lbs.  lime 

None 

Magnesium  sulphate. .  . 
Magnesium  chloride.  .  . 
Magnesium  nitrate.  .  .  . 
Calcium  carbonate 

0.47-lb.  lime  plus  0.88  lb.  soda  ash 

0.59-lb.  lime  plus  1.11  lbs.  soda  ash 

0.38-lb.  lime  plus  0.72-lb.  soda  ash 

3.15  lbs.  barium  hvdrate 

1.18  lb& 
1.82  " 
1.15  •• 
None 

Maencsium  carbonate. . 

3.76  lbs.  barium  hydrate 

None 

Magnesium  sulphate.  .  . 
Calcium  sulphate  * .  .  .  . 

2.C2  lbs.  barium  hydrate 

None 

2.32  lbs.  barium  sulphate 

None 

*  In  precipitating  the  calcium  sulphate,  there  would  also  be  preeipatAted 
0.74  lb.  of  calcium  carbonate  or  0.31  lb.  of  magnesium  oarbonate.  the  S.3S 
lbs.  of  barium  hydrate  performing  the  work  of  0.41  lb.  of  lime  and  0.78  lb. 
of  soda  ash,  or  for  reacting  on  either  magnesium  or  calcium  sul|diaiei  I  Ibb 
of  barium  hydrate  performs  the  work  of  0.18  lb.  of  lime  ploa  0 J4  lb.  of 
soda  ash,  and  the  lime  treatment  can  be  corrcspondinfl^  reduead. 
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order  to  obtain  efficient  treatment  of  water  and  reduce  scaling 
matter  to  the  minimum/' 

322.  Foaming  and  priming.  This  phenomenon  is  the  foaming 
or  frothing  of  the  water  for  a  considerable  height  above  its  normal 
level  in  the  boiler.  The  rapid  flow  of  steam  into  the  steam  pipe 
in  the  dome  mechanically  carries  some  of  this  froth  into  the  steam 
pipe  and  causes  water  to  accumulate  in  the  steam  pipe  and  also 
in  the  cylinders,  with  considerable  resulting  loss  in  efficiency. 
Foaming  in  treated  water  is  largely  due  to  the  presence  of  sodium 
salts  as  a  result  of  treatment  for  incrusting  sulphates,  and  this 
constitutes  one  of  the  objections  to  the  use  of  soda  in  treating 
water.  The  presence  of  suspended  matter  in  the  water  ag- 
gravates and  even  causes  foaming.  The  constant  withdrawal  of 
the  water  from  the  boiler  leaves  these  suspended  soUds  in  the 
boiler  and  they  keep  accumulating  until  the  concentrations  reach 
a  critical  point,  which  is  about  100  grains  per  gallon.  Beyond  this 
point  foaming  will  be  experienced  unless  the  water  is  changed, 
which  is  done  by  a  systematic  blowing-off  and  an  occasional  com- 
plete blowing-down  and  washing.  But  blowing-off  involves  the 
wastage  of  water  which  has  been  heated  to  boiler  temperature 
and  which  has,  perhaps,  been  chemically  treated.  Even  the  raw 
water  costs  something,  perhaps  several  cents  per  1000  gallons. 
The  blowing-off  required  to  keep  the  concentration  below  the 
proper  limit  may  be  so  excessive  that  some  anti-foaming  agent 
may  be  necessary.  The  required  effect  is  physical  rather  than 
chemical,  the  object  being  to  reduce  the  surface  tension,  which 
is  done  chiefly  by  the  use  of  oils,  petroleum  and  castor  oil  being 
used.    Tannic  acids  are  also  used  for  such  a  purpose. 

323.  Boiler  compotmds.  Chemical  treatment  at  special  plants 
along  the  road  is  unquestionably  the  most  efficient  method,  but  it 
is  costly.  The  use  of  boiler  compounds,  often  patented,  obviates 
the  erection  of  any  plant,  but,  since  the  water  at  each  water- 
supply  station  has  its  own  characteristics  and  it  is  impracticable 
to  vary  the  chemicals  used  at  each  supply-station  according  to 
the  character  of  the  water,  the  treatment  is  very  imperfect. 
Minute  instructions  to  enginemen  to  introduce  definite  amounts 
of  chemical  at  each  water-station  have  proved  imsatisfactory 
and  impractical.  Sometimes  the  chemical  is  mixed  with  enough 
water  to  partially  suspend  it  and  then  it  is  thrown  into  the  ten- 

'  der  tank,  this  method  having  the  advantage  that  a  considerable 
part  of  the  precipitation  takes  place  promptly  and  the  sludge 
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never  enters  the  boiler.  Sometimes  a  siphon  attached  to. the 
feed-pipe  outside  of  the  injector,  or,  perhaps,  a  special  injectori 
leads  from  a  reservoir  in  which  the  chemictd,  suspended  in  water, 
has  been  placed.  Sometimes  a  stick  or  **  brick  "  of  the  chemical 
is  placed  directly  in  the  boiler,  through  a  hand-hole,  during  one 
of  its  periodical  cleanings.  In  spite  of  the  ineffidency  of  the 
method,  70%  of  replies  to  a  circular  inquiry  reported  the  use  of 
some  kind  of  boiler  Qompound.  The  chemicals  used,  some  of 
which  are  patented  compounds,  are  in  general  the  same  as  those 
used  in  the  outside  chemical  plants.  Sodium  carbonate  is  the 
most  common  constituent. 

324.  Tanks.  Height  above  rail.  Whatever  the  source,  the 
water  must  be  led  or  pumped  into  tanks  which  are  supported 
on  columns  so  that  the  bottoms  of  the  tanks  are  high  gw^wgh 
above  the  track  to  force  a  flow  of  2500  gallons  of  water  per  miiiuto 
through  a  12-inch  spout.  The  frictional  resistance  in  the  pipes, 
elbows,  valves,  etc.,  are  such  that,  allowing  that  the  spout  is 
12  feet  above  the  rail,  the  bottom  of  the  tank  should  be  about 
16  feet  above  the  rail.  If  the  water  flows  from  the  tank  into  A 
'*  stand-pipe, ''  see  §  327,  there  is  additional  frictional  resistaiioe^ 
to  allow  for  which  the  height  of  the  support  or  "  tower  "  is  in- 
creased to  perhai)8  30  feet.  The  standard  heists  for  towen 
are  10,  20  and  *U)  feet.  Sab-stnxcture.  A  standard  plan,  reoonfr- 
mended  by  the  Water  Service  committee  of  the  A.  R.  E.  A., 
is  to  support  such  tanks  on  twelve  12''X12"  posts,  arranged 
in  a  double  cross,  four  posts  in  each  line,  each  post  resting  on 
a  concrete  footing.  The  posts  arc  suitably  cross-braoed 
trestle  work,  and  are  surmounted  by  cast  iron  caps. 
supiwrt  12"X14"  timber  caps,  which  carry  4"X14"  joMs, 
spaced  14",  which  are  immediately  under  the  bottom  of  the  tank. 
Size.  T\(x>  sizes  of  tanks  are  standard.  The  "16X24"  has* 
net  height  inside  of  15^  4"  and  a  net  inside  diameter  of  24'  0". 
Although  the  capacity,  brimming  full,  would  be  neai)y  £2,000 
gallons,  it  is  called  a  "  50,000-gallon  "  tank  since  the  outlet 
pipe  must  be  several  inches  below  the  top.  The  "20X30** 
tank  has  a  net  inside  diameter  of  30'  0"  and  net  hei|^t  of  19^  4t', 
It  will  contain  100,000  gallons  when  the  water  depth  is  ^bljxldy 
less  than  19  feet.  Since  it  is  found  that  the  lOO,OOO-0Uko 
tank  costs  hut  10%  more  than  a  75,000-gallon  tonki  the  omfe- 
mittee  recommended  that  the  50,000-gallon  and  the  100^000-' 
gallon   tanks   should   be   considered  the  two  standttd 
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Details.  Cylindrical  tanks  are  recommended,  rather  than 
tapered.  The  staves  are  machine-dressed  so  that  the  edges 
have  the  proper  bevel  toward  the  tank  axis,  and  the  outside  is 
dressed  to  the  proper  convex  cylindrical  surface  so  that  the  hoops 
have  a  bearing  for  the  full  width  oi  the  stave.  The  "  croze," 
2f "  wide  and  f "  deep,  into  which  the  bottom  planks,  3"  thick, 
slightly  beveled  at  the  ends,  are  inserted  ior  a  tight  joint,  is 
4"  above  the  bottom  of  the  staves.  When  the  jointing  edges 
are  properly  made,  the  tank  will  be  water-tight  without  any 
plugging  or  caulking,  which  should  not  be  permitted.  The 
weight  of  the  tank  should  be  transmitted  through  the  bottom 
planks  and  in  no  case  by  means  of  the  staA^es.  Round  hoop- 
rods,  rather  than  elliptical  or  flat,  are  recommended.  They 
should  be  made  of  refined  double-rolled  wrought  iron.  Each 
hoop  should  have  three  sections  for  16X24  tanks  and  four  sec- 
tions for  20X30  tanks.  On  the  basis  of  a  maximum  working 
stress  of  12,500  pounds  per  square  inch  on  the  area  at  the  base  of 
the  screw  threads,  the  safe  working  load  in  pounds  is  as  follows: 

i",  3750;       J",  5250;       l",  6875;       U",  8625. 

The  spacing  of  hoops  may  be  computed  from  the  formula: 

.      .    .    ,         safe  load  for  the  given  hoop  in  pounds 

Spacmg  m  mches  = : . 

2.6  diameter  (ft. )X  depth  in  feet 

In  the  above  formula,  "  depth  "  means  the  distance  from  top 
of  stave  to  location  (A  hoop.  One  hoop  should  be  placed  within 
two  inches  of  the  top  and  two  hoops  around  the  bottom  opposite 
the  croze.  One  oi  these  is  assumed  to  take  up  the  bursting 
pressure  due  to  the  swelling  of  the  bottom  planks  when  water 
soaked,  and  that  it  does  not  withstand  water  pressure.  The 
spacing  s^Kmld  never  exceed  21  inches.  Hoop  "  lugs,"  made 
of  cast  or  malleaUe  ircm,  are  used  to  connect  the  sections  of  the 
hoops.  Each  end  of  each  rod  should  be  threaded  for  4|"  and 
be  jHTovided  with  two  hexagon  nuts. 

325.  PuBBfJag.  (a)  Steam-pumps.  When  coal  is  very  chei^p 
or  "  v/hcA  100  Ibe.  of  coal  in  the  pumphouse  is  cheaper  than  one 
gallon  of  fu^  cnl  in  the  storage  tank,"  and  especially  when  steam 
can  be  proenred  from  the  railroad  repair-shop  plant,  direct-acting 
steam  piimps  may  be  preferable  and  more  economical,  but  ihey 
always  require  skilled  attendance.  (6)  Gasoline-en^es.  These 
have  bewi  so  luf^ly  developed  in  recent  years  that  they  are  very 
efficient  aad  Me  nearly  **  fool-proof,"  so  that  they  may  be  oper-. 
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Tlie  ami^mt  ocooped  up  is  proctieaHy  proptatioDBl  to  the  depth' 
of  immernoii  when  that  depth  is  over  2)  inches.  HmHi^ 
The  vster  must  be  he&ted  in  winter  to  prevent  fieenng.  Thtie 
ate  two  general  methods:  (a)  live  steam  is  forced  into  the 
tank  through  noisles  about  40  feet  apart;  (b)  a  "  circulatMjr 
Bystem  "  by  which  Bteom  is  forced  into  a  water  main  which  feeds 
the  tank  in  such  a,  way  that  the  water  is  in  constant  circulatira 
through  the  main,  into  the  tank  and  then  back  again  into  the 
main  to  be  reheated.  For  the  climatic  conditions  of  the  N.  Y. 
Central  R.  R.  a  steam  capacity  of  100  H.  P.  is  considered  enen- 
tail  to  heat  7000  sq.  ft.  of  tank  surface,  which  means  about  4400 
lineal  feet  of  lOnnch  tank,  or  two  good-length  tanks  on  a  doutda 
track.  On  account  of  the  great  amount  of  water  qdaabed  in«r 
the  track  and  its  scouring  action  on  any  ordinarjr  ballaat,  a 
large  item  in  the  ooet  id  anio' 
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a  cheaper  source  of  power  than  steam,  gasolene  or  fuel  ojl.  The 
electric  motor  either  operates  a  centrifugal  pump,  or  a  slow-speed 
motor  is  direct-connected  to  a  triplex  reciprocating  pump. 

A  Committee  of  the  Amer.  Rwy.  Eng.  Assoc,  reported  in  1915 
the  comparative  cost  (see  Table  XXVIII)  of  pumping  240,000 
gallons  per  day  of  10  hours.  By  comparing  the  data  with 
that  of  any  given  locality  a  fair  idea  of  relative  costs  and  of 
the  proper  choice  for  that  particular  station  may  be  made. 

326.  Track  tanks.  These  are  chiefly  required  as  one  of  the 
means  of  avoiding  delays  during  fast-train  service.  A  trough, 
made  of  steel  plate,  is  placed  between  the  rails  on  a  stretch  of 
perfectly  leud  track.  A  scoop  on  the  end  of  a  pipe  is  lowered 
from  imder  the  tender  into  the  tank  while  the  train  is  in  motion. 
The  rapid  motion  scoops  up  the  water,  which  then  flows  into  the 
tender  tank.  They  should  preferably  be  located  on  tangents, 
although  the  Penn.  R.  R.  has  track  tanks  at  Atglen  on  a  2® 
curve  where  the  track  has  4  inches  superelevation.  Since  the 
inside  width  of  the  tank  (19")  is  almost  exactly  |  of  the  gauge, 
the  water  is  about  1 J  inches  deeper  on  the  side  toward  the  inner 
rail,  but  this  much  lack  of  symmetry  does  not  seem  to  have 
interfered  with  successful  operation.  The  length  of  the  tanks 
varies  from  1200  to  2500  feet;   the  net  inside  width  is  usually 

19  inches.  The  scoops  are  usually  12  to  13  inches  wide,  which 
gives  allowance  for  swaying.  The  tanks  are  made  of  sheet  steel 
3^"  to  J"  thick.  The  usual  cross-section  is  that  of  a  wide  and 
shallow  U,  19"  wide,  6"  to  7}"  deep,  reinforced  on  the  sides  with 
angles.  The  ties  are  usually  dapped,  especially  for  the  deeper 
tanks,  so  that  the  upper  edges  will  not  be  higher  than  the  rail. 
At  each  end  there  is  a  double  inclined  plane  on  which  the 
scoops  may  sKde  without  catching  if  the  scoop  should  be  lowered 
too  soon  or  if  it  is  not  raised  before  the  far  end  of  the  tank  is 
reached.    Experiments  have  shown  that,  at  a  speed  as  low  as 

20  m.p.h.,  more  water  is  wasted  by  slopping  over  the  sides  than 
the  amount  collected  by  the  scoop.  At  a  speed  of  45  to  50  m.p.h. 
the  amount  wasted  becomes  minimum  and  the  amoimt  scooped 
up  becomes  maximiun.  At  higher  speeds  the  amount  scooped 
up  decreases  and  the  wastage  increases.  The  best  results  show 
a  wastage  of  at  least  one-eighth  of  the  total.  These  same  tests 
showed  that  at  45  to  50  m.p.h.  the  13"  scoop  in  a  19"  tank  will 
scoop  up  about  625  gallons  per  inch  of  immersion  per  1000  feet 
of  tank,  or  say  2500  gallons  per  1000  feet  for  a  4-inch  immersion. 
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The  aino(int  scooped  up  is  practically  proportional  to  the  deptb- 
ot  immerdon  when  thAt  depth  is  over  2}  inches.     tfrnaUng^ 
The  watea  must  be  heat«d  in  winter  to  prevent  freeiing.    Then 
ere  two  general  methoda:    (a)  Live  etevn  ie  forced  inta  the 
tank  through  ikOMles  about  40  feet  apart;    (b)  a  "  circulatory 
Byatem  "  by  which  eteam  is  forced  into  a  water  main  which  feeds 
the  tank  in  aueh  a  way  that  the  water  ie  in  constant  circulatioo 
through  the  main,  Into  the  tank  and  then  back  again  into  the 
main  to  be  reheated.    For  the  climatic  conditions  of  the  N.  Y. 
Central  R.  R.  a  steam  capacity  of  100  H.  F.  is  oonsidered  eaaen- 
tail  to  heat  7000  aq.  ft.  of  tank  surface,  which  meuw  about  4400 
lineal  feet  of  19-inch  tank,  or  two  good-length  tanks  on  a  double 
track.    On  account  of  the  great  amount  of  water  Qilashed  am 
the  track  and  its  scouring  action  on  any  ordinaiy  ballait,  ft 
large  item  in  the  cost  of  an  in- 
stallation is  the  reconstruotioit 
of  the  track.    The  oertwn^  of 
quick  freedng  in  winter,  at  leaat 
in  high  latitudes,  demanda  Uiat 
a  drainage  system,  ta  cany  aw^ 
the  spilled  water,  diall  be  effec- 
tive and  thomigh. 
prevented   by   i 
cobbles,  6-inch  quarry  ^mO^  or 
large  flat  stones,  laid  over  tin 
ballast.    A  layer  trf  large  atonal 
under    the     ballast    fadliUtea 
drainage     to    numoous    atm 
drains  and  to  longitudinal  drains 
laid  between  the  (zmJeb.    Fiv 
further  details  the  student  is  re- 
ferred to  a  inonc^psph  by  Geo. 
W.    Vaugban,    Eog.  Main,  of 
Fio.  iM.— BiiKinnra.  Way,  N.  Y .  Central  H.  R,,inVoL 

XIV,Proo.Am.Rwy.Eng.  Assoc 
317.  Stand-pipes.  These  are  usually  manufactured  t^  tbue 
who  make  a  specialty  of  such  track  acceesories,  and  who  can 
ordinarily  be  trusted  to  furnish  a  correctly  designed  ortiela.  la 
Fig.  159  is  shown  a  form  manufactured  by  the  Sheffi^d  Car  Co. 
Attention  is  called  to  the  position  of  the  valve  and  to  dw  daniW 
for  holding  the  arm  parallel  to  the  tiock  when  not  in  un  id  tiwt 
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it  will  not  be  struck  by  a  passing  train.  When  a  stand-pipe  is 
located  between  parallel,  tracks,  the  strict  requirements  o£  clear* 
ance  demand  that  the  tracks  shall  be  bowed  outward  slightly. 
If  the  tracks  were  originally  straight,  they  may  be  shoved  over  by 
the  trackmen,  the  shifting  gradually  running  out  at  about  100 
feet  each  side  of  the  stand-pipe.  If  the  tracks  were  originally 
curved)  a  slight  change  in  radius  will  suffice  to  give  the  necessary 
extra  distance  between  the  tracks. 


BtJILDINOS. 

328.  Station  platforms.  These  are  most  commonly  made  of 
pla&k»  at  ]X^inor.4ltotiQ08,  Concrete  is  used  in  better-class  work, 
also  paving  brick.  An  estimate  of  the  cost  of  a  platform  of  paving 
briok  laid  at  Topeka,  Kan.,  was  $4.89  per  100  square  feet  when 
laid  flat  and  ST.24  per  100  square  feet  when  laid  on  edge.  The 
curbing  cost  30  cents  per  linear  foot.  Cinders,  curbed  by  timbers 
or  stone,  bound  by  iron  rods,  make  a  cheap  and  fairly  durable 
platform,  but  in  wet  weather  the  cinders  will  be  tracked  into 
the  stations  and  cars.  Three  inches  of  crushed  stone  on  a 
cinder  foundation  is  considered  to  be  still  better,  after  it  is  once 
thoroughly  paoked,  than  a  cinder  surface. 

Elevation. — ^The  elevation  of  the  platform  with  respect  to 
the  rail  has  long  been  a  fruitful  source  of  discussion.  Some  roads 
make  the  platforms  on  a  level  with  the  top  of  the  rail,  others 
^  inches  above,. others  still  higher.  As  a  matter  of  convenience  to 
the  pa^engers,  the  majority  find  it  easier  to  enter  the  car  from 
a  high  platform,  but  experience  proves  that  accidents  are  more 
numerous  with  the  higher  platforms,  unless  steps  are  discarded 
altogether  and  the  cars  are  entered  from  level  platforms,  ad  is 
done  on  elevated  roads.  As  a  railroad  must  generally  pay  dam- 
ages to  the  stumbling  passenger,  they  prefer  to  build  the  lower 
platform.  Convenience  requires  that  the  rise  from  the  platform 
to  the  lowest  step  should  not  be  greater  than  the  rise  of  the  car 
steps.  This  rise  is  variable,  but  with  the  figures  usually  employed 
the  appUcatioi^  of  tjie  rule  will  make  the  platform  5  ins.  to  15  ins. 
above  the  rail. 

PositiQO  with  respect  to  tracks. — Low  platforms  are  gen- 
erally built  to  the  ends  of  the  ties,  or,  if  at  the  level  of  the  top 
of  the  rail,  are  built  to  the  rail  head.  Car  steps  usually  extend 
4  ft.  6  ins.  from  the  track  center  and  are  14  ins.  to  24  ins.  above 
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the  rail.  The  platform  must  have  plenty  of  dearanoe,  and  wfaeii 
the  platform  is  high  its  edge  is  generally  required  to  be  5  ft.  6  iu. 
from  the  track  center. 

329.  Minor  stations.  The  Amer.  Rwy.  E2ng.  Aasoe.  reoosn- 
mend  one  general  waiting  room  (without  reference  to  separate 
waiting  room  for  colored  people),  for  a  passenger  statkm  of 
mediimi  size  for  the  following  reasons:  (See  1915  Manual,  p.  187). 

(1)  It  permits  the  general  waiting  room  to  be  properly  pro- 
portioned. 

(2)  It  permits  proper  development  of  a  retiring  zoom  for 
women,  with  private  entrance  to  the  lavatory. 


FiQ.  160. — Division  of  Floor  Area  Recomiibndbd  fob 
Stations  with  One  General  WAiTZNa  Room. 


(3)  It  readily  admits  of  the  other  rooms  being  properiy  pio- 
portioned. 

(4)  It  permits  ease  of  access  from  the  agent's  office  to  the 
trains,  to  the  baggage  room  and  to  the  waiting  room. 

(5)  It  permits  the  ticket  office  to  be  of  proper  sixe  and  looatUm 
for  general  office  purposes. 

(6)  It  admits  of  the  station  being  contracted  in  siie  without 
detriment  to  facilities. 

(7)  It  offers  economy  in  heating. 

In  the  Southern  States  a  separate  waiting  room  for  eoloied 
people  is  provided  and  is  sometimes  even  required  by  law.  The 
older  design,  combining  a  residence  for  the  agent  with  the  stationi 
is  now  obsolete  for  new  construction,  although  many  mtdi  akiD 
exist.  *'  Combination  stations  ''  (for  both  passenger  and  firajght 
business)  were  formerly  quite  popular  for  very  small  statioiii  anl 
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are  still  considered  desirable  when  all  responsible  freight  and 
I>assenger  business  must  be  handled  by  one  man.  But  it  is 
desirable  to  separate  them  whenever  the  volume  of  business  will 
justify  the  employment  of  two  responsible  men. 

In  Gillette's  Handbook  of  Cost  Data  (1910  ed.))  is  given  in 
detail  the  cost  of  several  station  buildings.  Such  figures  can  be 
utilized  when  imit  prices  are  given  or  can  be  derived.  For  exam- 
ple, in  one  case  the  building  was  24X60  ft.,  exclusive  of  plat- 
forms; there  was  no  masonry  foundation  nor  plastering.  The 
sununary  was  as  follows: 


Materials. 


30,057  ft.  B.  M.  at  $13.23  (aver.). 

20  M  shingles  at  $1.10 

Millwork ' 

Hardware 

23  gal.  paint  at  70  cents 

1100  bnck,  at  $8.00  per  M 


Total  materials 

Labor: 

176.2  days'  labor,  building  at  $2.32 

2  days'  labor,  put  up  ladders,  at  $2.50. 

14  days'  labor,  painting  at  $1.75 

4  days'  labor,  building  chimney,  at  $4.00, 
8  days'  labor,  filling  cinders,  at  $1.20  . . 


Total  labor. 


Total,  materials  and  labor 

Freight,  55  tons,  200  miles  ^c.  ton-m. . 
Tools  (excessive  in  this  case) 


Total. 


$296.97 
22.00 
55.75 
37.50 
16.10 
8.80 

$437.12 

$406.38 

5.00 

24.50 

16.00 

8.50 

$460.38 

$897.50 
55.00 
38.50 


Grand  total |  $990.00 


Per  cent. 


33.2 
2.4 
6.1 
4.1 
1.8 
1.0 

48.6 

45.3 
0.6 
2.8 
1.8 
0.9 

51.4 
100.0 


Per  sq.  ft. 
of  floor. 


21  ft.  B.  M. 

3 . 9  cents 
2.6     *• 
1.1 


• « 


30.4     '• 
28.2  cents 
1 . 7  cents 

31.9     *• 


68.8  cents 


The  cost  of  lumber  was  very  low  and  even  the  unit  cost  of 
labor  (carpenters,  12.50;  masons,  $4.00;  average  of  all,  $2.32), 
were  lower  than  must  frequently  be  paid.  But  the  figures  can 
be  utilized  by  noting  the  percentages  of  the  various  items  to  the 
total  and  appl3dng  local  unit  costs  for  material  and  labor.  The 
total  cost  per  square  foot  ($0,688),  is  abnormally  low,  partly 
because  of  no  masonry  foundation  nor  cellar,  which  would  add 
40  to  50  cents  per  square  foot.  Note  also  that  no  expenses  were 
included  for  lighting,  plumbing,  or  heating — except  a  chimney. 


FREIGHT  HOUSES. 


330.  Two  types.  The  freight  house,  or  freight  room,  at  a  sta« 
tion  where  the  business  is  small,  is  merely  a  small  ordinary  build- 
ing or  a  room  attached  to  the  station  building.    As  the  business 
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becomes  larger^  efficient  operation  requkins  itiail  two  tjrpes  of 
buildings  must  be  designed — ihe  inbo«iiMt  tad  the 
freight  house;    These  types  agree  in  requiring  ecFtaia 
Common,  but  th^e  are  also  differences. 

331.  Fire-risk.  A  small  freight  house  ia  the  ooimlFf  usoally 
has  a  minimum  of  actual  fire-risk  and  of  valuable  fseii^  stond 
at  any  one  time.  This  may  jtisttfy  an  isexpeosiffv  typ%  oi  InuDS 
building  which  is  in  no  sense  fireprcx^.  Or  the  other  Imnd,  % 
building  in  the  heart  of  a  city,  closely  survouaded  by  other  ImikU 
ings  and  stored  with  a  large  amount  of  valuablo  frsighty  j 
an  expensive  type  of  fireproof  construction.  The  term  "" 
proof  "  is  only  relative.  Certain  devices  and  added  expendi- 
tures will  reduce  more  and  more  the  probability  €>l  destrufltirVO 
fires.  Certain  principles  of  construction  which  reduce  fixe-iJak 
are  as  follows:  (a)  Use  of  noncombustible  materials  tm 
side  walls  and  roof;  (b)  avoidance  of  space  under  woodfix 
floor,  between  foundations,  where  combustible  rubbiah  IE47 
accumulate;  (c)  fire-walls  dividing  large  houses  9»  that  there  is 
not  more  than  5000  square  feet  of  floor  between  fimwrJIn; 
walls  to  be  never  more  than  200  feet  apart;  {d)  minmuiia 
ber  of  doors  through  a  fire-wall;  no  door  larger  than 
feet;  all  doors  fireproof  and  automatically  self-dosuog;  (e) 
fireproofiiig  protection  of  walls  and  roof  for  at  least  fii^  feet 
each  side  of  a  fire-wall;  (/)  provision  fos  fii»  staud^pea  and 
hose  racks  not  more  than  150  feet  apart;  the  stand-pipe  ahovM 
run  up  about  8  feet  above  floor  where  there  shouU  be  Stk  liet  of 
2-inch  linen  hose  in  a  hose  rack;  the  valve  should  be  in  fi  ^ 
{always  accessible),  and  so  far  below  floor  level' that  there  iafittie 
or  no  danger  of  freezing,  since  freight  houses  are  ordinafi^  not 
heated. 

332.  Dimensions.  A  freight  house  usually  has  a  track  on  one 
side  and  a  vehicle  driveway  on  the  other,  the  flbor  being  utifised 
for  the  more  or  less  temporary  storage  of  freight,  which  in  thii 
case  is  always  in  ''  less  than  carload  "  (L.  C  L.)  lota,  caiioad 
shipments  being  transferred  directly  between  cars  and  veftictes. 
Shicc  small  shipments  can  usually  be  loaded  into  can  (otttiboand 
shipments)  with  less  delay  than  the  delivery  of  freight  to  vehidea 
(inbound  shipments),  the  required  space  for  outbound  shipments 
can  be  less  than  that  for  inbound.  Experienoa  ha&dkyvnit  that 
for  outbound  freight  only,  a  width  of  SQ-  fest  ia  dttnaftle;  tat 
both  outbound  and  inbound,  the  width,  may  ba  3QitD  M-|pA| 
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for  mbound  only  it  should  be  40  to  60  feet.  Too  great  a  width 
needlessly  increases  the  amount  oi  band-tnieking.  The  lengtii 
is  indefinite  and  should  correspond  to  the  amount  of  business  to 
be  handled.  Freight  houses  are  usually  single-stoned,  except 
where  galleries  or  partial  second  stories  are  built  to  accommodate 
offices,  file  and  stationery  rooms,  toilet  and  locker  rooms,  the 
room  for  ''  over,  short  and  damaged  '*  freight  and  the  cooperage 
room  tor  repairing  broken  packages. 

333.  Platforms.  The  i^atform  on  the  trade  side  should 
preferably  be  8  to  10  feet  wide,  which  will  avoid  the  necessity 
of  spotting  cars  with  their  doors  directly  in  front  of  freight-house 
doors.  The  piatfmrm  should  be  not  more  than  4  feet  above  the 
top  of  the  rail.  Even  this  would  be  too  high  to  permit  opening 
the  doors  of  refrigerator  cars,  which  swing  outward.  An  occa- 
sional refrigerator  car  oould  be  handled,  even  with  a  high  plat- 
form, by  opening  the  doors  befwe  placing  the  car.  The  M.  C.  B. 
standard,  for  regular  use  of  refrigerat<Mr  cars,  is  ^'  not  more  than 
3  ft.  8  ins."  The  P.  R.  R.  standard  is  3  ft.  5  ins.  The  minimum 
distance  from  track  center  to  edge  of  platform  is  5  ft.  9  ins. 
The  P.  R.  R.  standard  is  6  ft.  H  ins.  If  there  is  a  i^tform  oa 
the  driveway  side,  it  should  be  3  to  4  feet  above  the  driveway 
level.  At  an  outbound  house,  where  the  froight  is  delivered 
from  'the  vehicle  into  the  freight  house,  the  height  should  be  not 
more  than  3  feet.  Platforms  i^ould  s^ope  away  from  the  house 
with  a  grade  of  about  1  in.  to  8  ft.  f(»r  drainage. 

334.  Floors.  The  designed  floor  loading  should  be  250  lbs. 
per  square  foot.  In  §  347  are  described  several  types  erf  floors 
suitable  for  engine  houses,  many  of  which  are  also  suitable  for 
freight  houses.  In  selecting  a  type,  it  should  be  remembered 
that  hand-trucking  is  apt  to  be  concentrated  along  certain 
rather  narrow  paths  and  that  this  wears  out  the  floor  surface, 
requiring  premature  renewals  ak»>g  these  paths,  unless  these 
paths  are  overiaid  with  iron  or  steel  plates.  When  a  solid  type 
of  floor  is  used  (supported  on  sub-soil),  the  flooring  should  be 
independent  of  ifee  side  walls,  which  avoids  troul^  due  to  floor 
settlement.  For  inbound  freight  houses  the  floor  should  slope 
about  1  inch  in  8  feet  from  the  track  side  toward  the  driveway 
side,  the  slope  continuing  to  the  outer  edge  of  the  driveway  plat- 
form,' since  this  is  in  the  direction  of  traffic  and  aids  it»  but  the 
track  platform  must  slope  the  other  way  for  drainage.  Foe  out- 
bound freight  iKniBes,  the  slope  is  exactly  leveised. 
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335.  Doors.  Ordinary  swinging  doors  are  unsuitable.  Lift- 
ing doors,  counterbalanced,  which  sometimes  fold  as  th^  lift» 
are  used.  Rolling  metal  shutters  are,  perhaps,  most  satisfaotoiy, 
but  are  expensive.  Sliding  doors  require  that  a  guarded  space 
be  made  so  that  stored  freight  does  not  interfere  with  the 
sliding.  They  also  limit  the  possible  total  door  width  to  less 
than  half  the  side  of  the  house.  All  lifting  types  permit  opening 
up  the  whole  side  of  the  house  (if  desired),  except  the  space  oc- 
cupied by  the  posts.  Continuous  doors  are  particularly  neces- 
sary when  there  is  no  platform  between  the  house  and  the 
track.  Doors  should  be  at  least  8  feet  high.  On  the  track  side 
this  is  sufficient,  since  the  car  door  cannot  be  higher.  On  the 
driveway  side  a  greater  height  might  be  desirable. 
-  336.  Roofs  projecting  over  platforms.  These  are  desirable  as 
a  protection  when  loading  or  unloading  during  storms,  llmi 
over  the  driveway  platform  should  be  at  least  10  feet  above  the 
platform  or  14  feet  above  the  driveway.  When  not  forbidden 
by  State  laws,  the  roof  may  be  extended  beyond  the  edge  of 
the  track  platform,  but  it  should  be,  at  least,  17  feet  above  the 
rail  and  18  inches  from  the  track  center,  thus  leaving  a  waUong 
space  on  top  of  the  car. 

337.  Lighting.  Daylight  lighting  should  be  obtained  by  win- 
dows through  the  side-walls  above  the  doors,  or  by  vertical  sashes 
in  a  monitor  roof,  which  will  also  provide  for  ventilation.  Sky- 
lights, especially  when  nearly  flat,  are  expensive  both  for  OUH 
struction  and  for  maintenance.  Artificial  lighting  should  be 
obtained  from  electricity,  with  wires  run  according  to  the  strictest 
specifications  of  the  National  Board  of  Underwriters.  PlatfonnB 
should  be  illuminated.  A  series  of  push  plugs  should  be  placed 
along  the  platform  wall  face,  from  which  extension  oordB  with 
bulbs  may  be  run  to  light  car  interiors. 

338.  Scales.  Outbound  houses  need  scales,  with  ci^Nuaty  of 
8000  lbs.,  to  weigh  outgoing  freight.  ''  From  50  to  80  feet  a|Mrt 
is  good  practice.'* 

339.  Ramps.  These  are  slopes  from  the  driveway  level  to 
the  car  level  which  facilitate  the  loading  or  unloading  of  agiieiit- 
tural  implements  and  all  heavy  vehicles  running  <m  their  own 
wheels.  They  are  usually  built  at  the  end  of  an  extenflkm  of 
the  platform,  with  as  low  a  grade  as  the  ciroamstanoeB  will 
permit. 

''  Buildings  and  Structures  of  American  Bailioada^"  by  -Walter 
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G.  Berg,  although  now  (1916)  somewhat  old,  contains  many 
plans,  showing  considerable  detail,  of  station  and  other  buildings. 
"  Railroad  Structures  and  Estimates  "  by  J.  W.  Orrock,  also 
shows  some  plans. 

340.  Section  houses.  These  are  houses  built  along  the  right- 
of-way  by  the  railroad  company  as  residences  for  the  trackmen. 
The  Uability  of  a  wreck  or  washout  at  any  time  and  at  any  part 
of  the  road,  as  well  as  the  convenience  of  these  houses  for  ordinary 
track  labor,  makes  it  aU  but  essential  that  the  trackmen  should 
live  on  the  right-of-way  of  the  road,  so  that  they  may  be  easily 
called  on  for  emergency  service  at  any  time  of  day  or  night. 
This  is  especially  true  when  the  road  passes  through  a  thinly 
settled  section,  where  it  would  be  difficult  if  not  impossible  to 
obtain  suitable  boarding  places.  It  is  in  no  sense  an  extrava- 
gance for  a  railroad  to  build  such  houses.  Even  from  the  direct 
financial  standpoint  the  expense  is  compensated  by  the  corre- 
sponding reduction  in  wages,  which  are  thus  paid  partly  in  free 
house  rent.  And  the  value  of  having  men  on  hand  for  emergen* 
cies  will  often  repay  the  cost  in  a  single  night.  Where  the.  coun- 
try is  thickly  settled  the  need  for  such  houses  is  not  so  great,  and 
railroads  will  utilize  or  perhaps  build  any  sort  of  suitable  house, 
but  on  Southern  or  Western  roads,  where  the  need  for  such 
houses  is  greater,  standard  plans  have  been  studied  with  great 
care,  so  as  to  obtain  a  maximum  of  durability,  usefulness,  com- 
fort, and  economy  of  construction.  (See  Berg's  Buildings,  etc., 
noted  above.)  On  Northwestern  roads,  protection  against  cold 
and  rain  or  snow  is  the  chief  characteristic;  on  Southern  roads 
good  ventilation  and  durability  must  be  chiefly  considered. 
Such  houses  may  be  divided  into  two  general  classes — (a)  those 
which  are  intended  for  trackmen  only  and  which  may  be  built 
with  great  simpUcity,  the  only  essential  requirements  being  a 
living  room  and  a  dormitory,  and  (b)  those  which  are  intended 
for  families,  the  houses  being  then  distinguished  as  '^  dwelling- 
houses  for  employees." 

ENGINE   HOUSES.* 

341.  Form.  When  not  more  than  three  or  four  engines  are 
to  be  housed  at  once  and  when  no  turntable  is  to  be  provided, 

*  Condensed  and  abbreviated  from  Committee  Report,  Am.  Ry.  Eng. 
Assoc,  1915. 
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I. 


the  rectangular  form  is  preferable.  All  large  engine  houfles  are* 
*^  circular/'  with  a  turntable  at  the  center  of  the  circle,  excespt 
some  very  large  houses,  which  are  really  repair  shops,  where  it 
seems  advisable  to  install  a  transfer  table. 

342.  Doors.  The  clear  opening  should  be  not  leas  than  13 
feet  wide  by  16  feet  high.  The  doors  should  fold  outward  and 
should  have  such  a  design  that  a  pilot  door  may  be  inBorted. 

343.  Length.  The  length  of  stall  along  the  center  line  of  the 
track  should  be  15  feet  greater  than  the  overall  length  of  the 
longest  locomotive,  which  will  provide  a  walkway  behind  the 
tender,  a  trucking  space  in  front  of  the  pilot  and  a  auffioient  dis- 
tance in  which  to  stop  the  engine  so  that  the  side  locls  will  be  in 
any  desired  position. 

344.  Materials  of  construction.  Wood  was  formerly  very 
commonly  used,  but  it  is  too  inflanmxable.  The  walls  should  be 
made  of  brick,  stone,  or  plain  concrete — ^not  reinforced,  at  least 
**  for  that  portion  of  the  wall  directly  in  line  of  tausk  where 
engine  is  liable  to  run  into  it.''  The  roof  is  the  difficult  problem, 
since  wood  is  inflammable  and  iron  or  steel,  even  for  fFMoing,  is 
v^ry  rapidly  corroded  by  coal  gas  from  the  engiiiee.  Rcon* 
forced  concrete  is  the  only  thoroughly  satisfactory  material  but 
"  when  the  roof  is  of  reinforced  concrete,  the  columns  and  loof 
beams  should  be  of  the  same  material,"  i.  e.,  it  is  useless  to  sup^ 
port  a  reinforced  concrete  slab  on  steel  beams. 

345.  Engine  pits.  These  '^  should  be  not  less  than  60  fset 
in  length,  with  convex  floor,  with,  drainage  toward  the  tumtab)e. 
The  walls  and  floors  may  be  of  concrete.  Proper  provisioa 
should  be  made  for  the  suppojt  of  the  jacking  timbers."  The 
engine  should  stand  with  its  tender  toward  the  tumtaUei 

346.  Smokejacks.  Locomotives  leave  an  engine  house  andir 
their  own  steam,  which  requires  starting  their  fires  considerably 
beforehand,  and  the  smoke  must  be  removed.  Tha  preeiaB 
position  of  the  locomotive  on  the  track  is  variable,  sinae  it  most 
be  adjusted  to  the  place  where  the  side  rods  are  in  a  pn^iv 
position  for  repairs.  A  smokejack  is  essentially  a  funnel  ^oss 
base  is  at  the  minimum  height  above  the  track  which  will  give 
the  smokestack  a  proper  clearance.  The  base  should  be  42 
inches  wide  and  long  enough  for  the  adjustment  as  stated  sMve^ 
which  means  at  least  10  feet.  The  sides  should  dope  tipwsld 
gradually  to  a  flue  whose  area  should  be  not  less  than  7  amian 
feet.    There  should  be  a  drip  trough  around  the  base  of  flw  jasi^ 
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aaterial  should  be  **  non-combustible/'  but  the  choice  is 
esome.  Sheet  iron,  even  when  heavily  painted,  corrodes 
y.  Wood,  covered  with  "  fireproof  paint,"  has  been  tried, 
ron  has  been  tried  but  is  exceedingly  heavy  as  well  as  ex- 
e.  Asbestos  is  being  used  on  several  important  roads, 
ted .  designs,  of  which  there  are  several,  are  used  on  the 
ity  of  roads. 

Floors,  (a)  Stone  screenings*  Subsoil  should  be  good; 
t  spots  cleaned  out  and  filled  with  good  material;  subsoil 
Foundation  of  cinders  or  gravel,  6  ins.  thick.  Top  coat, 
es  of  stone  screenings,  perhaps  mixed  with  a  little  day  or 
oil,  the  surface  being  thoroughly  rolled.  Special  founda- 
'or  machinery  necessary.  Surface  is  not  good  for  heavy 
Qg.  (&)  Planks.  Subsoil  same  as  above;  6  ins.  cinders 
vel,  with  4"X6"  creosoted  sleepers,  spaced  about  3  feet, 
ded  in  upper  surface  of   cinders;    then   3-inch   plank, 

special  foundations  for  machinery  and  at  jacking-up 

are  necessary,  (c)  Creosoted  wood-block.  The  wood 
,  4  ins.  deep,  fiber  vertical,  should  be  laid  on  a  1-inch 
Q  coat  of  sand  which  is  supported  by  a  6-inch  layer  6f 
te.  A  6-inch  layer  of  cinders,  as  specified  above,  is  also 
nended  as  a  bed  for  the  concrete,  but  this  may  depend  on 
aracter  of  the  subsoil.  The  joihts  should  be  filled  with 
tic  mastic,  and  an  expansion  joint  1  inch  wide  should  be 
ed  every  50  feet,     (d)  Wood  floor  on  concretet    Sleepers, 

about  3  feet,  trapezoidal,  4-inch  top,  6-inch  bottom)  4 
deep,  embedded  in  a  6-inch  layer  of  concrete,  so  that  the 
s  project  i  inch  above  concrete.     Then  layer  of  2-inch 

covered  with  li-inch  maple  flooring,  (e)  Brick.  Same 
3xcept  that  bricks  are  used  in  place  of  wood  block.  (/) 
te.  Same  foundation  as  above;  6-inch  course  of  concrete 
d  with  1-inch  surface  coat  (1:2)  laid  on  before  base  has 
nitial  set.     (g)  Asphalt.    Same  as  (/)  except  that  surface 

IJ  inches  of  rock  mastic.  Expert  workmen  are  needed 
isfactorily  mixing  and  laying  the  asphalt,  but  the  fioor  is 

Drop  pits  are  necessary,  where  pairs  of  truck,  driving  and 
wheels  may  be  dropped  from  their  journals  and  removed 
le  engine  for  repairs  or  renewals. 

Heating.  The  primary  object  of  heating  is  to  thaw  out 
;ines  so  that  they  may  be  returned  to  service  as  quickly 
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as  possible,  rather  than  to  heat  the  building,  whose  general  tem- 
perature should  be  kept  at  50^  to  60°.  Therefore  heat  should 
be  concentrated  at  the  pits.  Hot  air  should  be  forced  throu^ 
permanent  ducts,  preferably  laid  under  the  floor.  The  outlets 
should  have  dampers,  which  may  be  closed  when  men  are  working 
in  the  pits.  Fresh  air  should  be  drawn  from  outdoors  and  no 
recirculation  permitted.  ;  The  air  should  be  heated  by  passing 
over  coils  containing  exhaust  steam,  supplemented  by  live  steam, 
if  necessary.  The  air  passes  out  of  the  building  through  A^nnnlar 
openings  around  the  smokejacks,  and  also  through  openings 
between  the  wall  plates  and  the  roof  rafters.  These  openings 
should  extend  entirely  around  the  building. 

350.  Window  lighting.  Skylights  are  undesirable  because  of 
preponderant  disadvantages.  The  windows  in  the  outer  walls 
should  be  as  large,  wide  and  as  high  as  safe  construction  will 
permit,  the  sill  not  more  than  4  feet  from  the  floor.  Windows 
should  be  placed  over  the  locomotive  doors.  Windows  set  into 
locomotive  doors  cause  heavy  maintenance  charges  on  the  doors. 

351.  Electric  lighting.  Numerous  lights  should  be  provided 
to  avoid  shadows.  Plugged  outlets  for  incandescent  lights  in 
alternate  spaces  between  pits  should  be  provided. 

352.  Piping.  Pipes  for  air,  steam  and  water  supply  should  be 
provided,  and  where  desired,  piping  for  a  washout  and  refilling 
system  should  be  installed.  Where  this  system  is  installed,  the 
blow-off  lines  should  be  led  to  a  central  reservoir;  where  it  is  not 
used,  the  blow-off  lines  should  be  led  outside  the  house.  The 
steam  outlet  should  be  located  near  the  front  end  of  the  boileff. 
The  blow-off  pipe,  the  air,  the  washout  and  refilling  water  and  the 
cold  water  connections  should  be  near  the  front  end  of  the  firs* 
box.  Connections  need  only  be  provided  in  alternate  spaces 
between  stalls. 

353.  Tools.  There  should  ordinarily  be  facilities  provided  for 
hand  tools  and  for  the  location  of  a  few  machine  tools,  praCei^ 
ably  electrically  driven. 

354.  Hoists.  Hoists  with  differential  blocks  are  generalty 
used  for  handling  heavy  repair  parts,  and  suitable  provisHn 
should  be  made  for  supporting  them. 

355.  Turntables.  The  turntable  should  be  long  enough  to 
balance  the  engine  when  the  tender  is  empty.  The  deck  fona  is 
preferable  to  the  through  form.  Power  should  be  pnyvided  at 
turntables  having  great  service.    Electric  power  is  best  atkd 
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expensive  when  it  is  available.  Compressed  air,  supplied  either 
by  a  pumping  plant  or  by  the  locomotive  itself,  is  sometimes 
used.  The  turntable  pit  should  be  thoroughly  drained  and  prefer- 
ably paved.  The  circle  wall  should  be  of  concrete  or  brick,  with 
proper  supports  and  fastenings  for  rails  on  the  coping.  The  cir- 
cle rail  should  preferably  bear  directly  on  concrete  base.  The 
use  of  wood  ties  and  tie-plates  supported  by  masonry  is  desirable 
for  the  circle  rail  under  some  conditions.  Easy  access  to  the 
parts  of  a  tiuntable  for  the  oiling  of  bearings,  painting  and  inspec- 
tion should  be  provided  in  the  design  of  the  turntable  pit,  unless 
ample  provision  is  made  in  the  turntable  itself, 


LOCOMOTIVE    COALING   STATIONS. 

356.  Hand  shoveling.  For  roads  of  the  smallest  traffic,  par- 
ticularly at  terminals  where  locomotives  lie  overnight,  hand 
shoveling  direct  from  coal  cars  or  from  platforms  provided  with 
a  jib  crane  and  one-ton  buckets,  is  the  most  economical. 

357.  Locomotive  crane.  A  locomotive  crane,  equipped  with 
buckets,  provides  an  efficient  method  of  transferring  coal  from 
the  coal  car  to  a  tender,  particularly  when  the  crane  can  be 
profitably  employed  at  other  times. 

358.  Coaling  trestle.  This  method  requires  a  trestle  with  an 
approach  not  exceeding  5%,  so  that  coal  may  fall  from  bottom- 
dumping  cars  into  a  pocket  and  then  be  discharged  through 
chutes  into  the  tender  on  a  track  on  either  side  of  the  trestle. 
This  method  is  satisfactory  when  two  coaling  tracks  are  sufficient 
and  when  there  is  available  space  for  the  approach  track. 

359.  Coal  conveyors.  When  more  than  two  coaling  tracks 
are  essential,  a  conveyor  system  may  be  preferable.  The  coal  is 
brought  to  the  plant  in  bottom-diunping  gondola  cars,  which 
dump  the  coal  on  to  a  conveyor  which  conveys  it  up  and  drops 
it  into  the  bin,  from  which  it  may  fall  either  into  the  tender  or 
into  an  elevated  conveyor  car  which  runs  it  across  a  system  of 
parallel  tracks  and  dumps  it  into  a  tender,  spotted  there  for  the 
purpose.  Incidentally,  such  a  plant  usually  has  also  an  ash 
conveyor  onto  which  ashes  are  dumped  from  the  engine.  This 
conveyor  carries  the  ashes  to  a  place  where  the  conveyor  buckets 
dump  them  into  a  waiting  gondola  car,  which  when  full  is  hauled 
away. 
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'  360.  Oil  houses  '*'  should  be  fireproof  and  should  be  flepanftid 
from  other  buildings.  Above  ground  there  should  be  a  mnanwy 
building,  20'X40',  or  perhups  less,  with  one  fireproof  door  ni 
one  or  more  windows,  having  wire  glass.  This  room  containBa 
row  of  pumps,  one  for  each  kind  of  oil;  also  a  soies  of  inlet  p^M 
in  the  floor  leading  to  tanks  in  the  basement.  The  floor  iboiili 
be  4  feet  above  the  track  rail  outside  and  there  should  be  1 


eOMPMlTtON  HOOP 

MPORCCD  CONCRETB 


PITCH  1:1« 


9  I-BEAM  ABOUT  6/^  FT!  CENTERS 
REINFORCED  CONCRETE  BEAMS. 

jjc/o: 


^ 
^ 


WIRE  0LA8S  WINDOW 


'A      REINFORCED  OONCRCTB 


■  IS  BRICK  WALL. 


.^{..SLIOINQ  DOOR 
TINCLAO 


-»ie 


(Mil 


s 


y  /X  SLOPE  Viv. 

^     ,.   ..    *y   ■    ■■■■■<■■.';■.■■■■■. ■.^■■...,.....»..J.I1J»   *~f* 


OPENING  FOR  VENTILATION 
WITH  WIRE  NETTING. 


\ 


CONCRETE 


CONCRETE 


J1 


'^FOR  PIPING  OILj 

FROM  TANK  OARS. 
ONE  PIPE  FOR  BACHtv^ 

KM(  OP  eo*        \U' 


COLUMN 


CINDERS 


i      ■!    ■!  ■■  I       ■  ■  I'll    tl    iltf-yi  I'.tt   ■;     T||iJ;;'.f«i 

""./  L '  'J' '    '  ' '  ^'" '  Liatu: 


Fia.  161. — Cross-sectiok  of  Typical  OiitBousb. 


platform  between  the  house  and  the  track.  The  storage  epaee 
for  oil  is  entirely  in  the  basement  and  includes  the  area  under  the 
floor  and  also  the  area  under  the  platform.  The  height  dqwads 
on  the  required  storage  space  for  tanks.  A  series  of  pipes,  one 
for  each  kind  of  oil,  pass  through  the  outer  vertical  faee  of  tbe 
platform,  for  the  convenient  empt3ring  of  tank  ean  into  the 
storage  tanks.  The  inlet  pipes  through  the  floor  aro  only  te 
small  quantities  of  oil  drawn  from  barrels. 

The  deliver^"^  system  from  the  storage  tanks  to  the  finieeti 
should  be  such  that  the  oil  can  be  delivered  quiddy  and  moasuied 
automatically.    The  delivery  should  also  be  such  that  thsmnl 


f  CondenBod  from  the  Manual  of  the  Am.  Rwy.  Eng.  Amoo.,  ISIA  \ 
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be  a  minimum  of  chipping  at  the  fanoet  and  that  the  dripping 
may  drain  back  to  the  storage  tanks.  Openings  for  ventilation 
should  be  provided  above  the  level  of  the  top  <rf  the  tanks. 
Lighting,  when  required,  should  be  by  electricity  and  heating  by 
steam.  For  fire  protection  purposes  a  live-steam  line  should  be  run 
to  the  oil  stot&ge  space,  controlled  by  a  valve  outside  the  house. 

361.  Section  tool  houses.  For  smaH-traffic  roads  these 
should  be  10'X14',  the  short  dimension  parallel  with  the  track, 
with  double  swinging  doors,  swinging  out  on  the  end  nearest  the 
track.  For  roads  of  larger  traffic  the  dimension  parallel  with  the 
track  should  be  18  to  20  feet  and  the  other  dimension  12  to  14 
feet.  There  should  be  a  sliding  door,  8  feet  in  clear,  at  extreme 
end,  on  track  side,  to  permit  the  storing  of  hand  car.  A  sliding 
wooden  shutter  (instead  of  glass)  may  serve  as  a  window  for 
fair  weather.  It  should  not  be  made  so  convenient  and  com- 
fortable that  it  will  become  a  lounging  place  for  trackmen  in 
stormy  or  wintry  weather.  The  building  should  be  of  wooden 
frame  construction,  resting  on  wooden  posts,  or  on  masonry  piers 
if  the  location  can  be  considered  permanent.  Drop  siding  on 
the  sides  and  some  kind  of  prepared  roofing  will  usually  be  most 
economical. 

362.  Sand  houses.  Sand  is  a  necessity  in  the  operation  of 
locomotives.  Ordinarily  it  is  obtained  in  a  more  or  less  moist 
and  caked  condition.  It  must  be  made  thoroughly  dry,  so  that 
it  will  flow  readily  through  a  pipe  having  sufficient  slope.  The 
plant  consists  essentially  of  a  "  wet  storage  bin,"  about  12'X16^, 
which  adjoins  a  "  drying  room  "  of  about  the  same  size.  This 
room  contains  a  screen,  which  is  usually  necessary  to  screen  out 
the  coarser  particles;  also  a  furnace  to  dry  the  sand,  and  a  coal 
bin.  For  small  traffic  roads  it  may  be  sufficient  to  store  the  dry 
sand  in  a  bin  or  even  in  buckets  which  are  lifted  by  hand  to  the 
engine.  For  heavier  traffic  it  may  be  justifiable  to  raise  the 
sand  to  a  bin  or  hopper  whose  lowest  point  is  at  least  22  feet 
above  the  rail,  from  which  the  sand  may  flow  through  a  jointed 
pipe,  somewhat  similar  to  a  water-supply  pipe,  directly  into  the 
sand  box  on  the  engine.  Of  course  the  bottom  of  the  hopper 
must  have  sufficient  slope  so  that  the  sand  will  always  flow  over 
it.  The  sand  is  hoisted  to  the  hopper,  either  by  some  mechan- 
ical conveyor  system,  or  is  forced  through  a  pipe  by  compressed 
air.  The  building  should  be  located  about  8  feet  from  the  nearest 
track  center. 
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363.  Ash  pits.  A  locomotive  must  dump  the  ashes  from  iti 
ash  pan  at  frequent  intervals.  The  operation  is  usually  timed 
to  be  done  at  terminal  or  divisional  points,  just  before  taking 
on  water,  coal,  etc.  These  several  plants  are,  therefore,  groqied 
toi^ther  in  the  yard.  When  there  are  no  facilities  for  removiig 
ashes  by  a  conveyor  at  the  same  time  that  coal  is  being  loaded  os 
to  the  tender  (see  §§  356-^59),  the  ashes  are  dumped  into  a  pit 
The  poorest  roads  dump  them  on  the  track  under  -the  engine^  but 
this  burns  the  ties,  is  dangerous,  and  is  uneconomical,  since  they 
must  be  immediately  removed.  The  simplest  form  of  ash  pit 
is  made  by  dropping  the  ties  about  a  foot,  and  then  laying  ths 
rails  on  a  pair  of  stringers  about  12"X12".  The  stringers  and 
ties  must  l>e  covered  with  sheet  iron  to  protect  them  from  hoi 
ashes.  The  capacity  of  such  a  pit  is  so  small  that  the  ashes  mart 
be  removed  quite  frequently,  which  must  usually  be  done  hf 
hand  shoveling  over  the  side  of  a  gondola  car  on  an  a4jaoeiil 
track.  The  next  development  is  a  deeper  pit,  with  ooncnte 
walls.  Even  then,  the  rails  must  be  fastened  to  longitudinal 
wooden  stringers,  protected  with  sheet  iron,  or  to  cast-iron  chain 
which  arc  eml)eddcd  in  the  concrete.  The  ashes  may  be  shov- 
eled out  by  hand  after  the  locomotive  has  passed,  or  they  may  be 
dropped  from  the  ash  pan  into  buckets  or  small  cars,  which  nm 
on  a  narrow  track  at  the  bottom  of  the  pit,  and  which  may  be 
lifted  out  by  a  jib  crane.  Another  development  is  to  widen  the 
pit,  running  one  rail  on  one  wall  and  the  other  rail  on  a  series 
of  cast-iron  columns.  The  pit  has  much  greater  capacity 
and  the  ashes  may  be  hoisted  out  at  any  time,  even  if  the  loco- 
motive is  still  on  the  ash  track.  Great  economy  in  the  disposal 
of  ashes  is  ol)tained  when  it  is  practicable  to  construct  a  de- 
pressed track,  with  its  track  center  about  14  feet  away  from  the 
ash  track  and  9  feet  or  more  lower.  The  ashes  may  then  be 
dropped  onto  a  platform  a1)out  3  feet  l^elow  the  ash  track,  the 
platform  extending  to  the  top  of  a  vertical  retaining  wall  whose 
face  Ls  5  ft.  G  ins.  from  the  center  of  the  depressed  track,  and  from 
there  the  ashes  are  easily  shoveled  over  the  side  of  a  gondola  car 
placed  on  the  lower  track.  No  lifting  of  the  ashes  by  hand  ii 
necessary.  As  in  the  previous  plan,  one  rail  of  the  ash  track  ii 
supported  by  a  wall,  while  the  rail  toward  the  depressed  track  is 
supported  on  cast-iron  columns.  The  platform  space  is  thus 
10  to  11  feet  wide. 

Ashes  should  be  quenched  promptly  after  being  deposited, 
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SO  as  to  reduce  their  heating  effect  even  on  metal  and  masonry. 
This  requires  a  hose  and  a  water  supply.  The  pits  should  be 
graded  so  as  to  drain  to  a  sump,  which  should  have  an  overflow 
suflSciently  above  the  bottom  so  that  periodical  cleaning  out  will 
suffice  to  keep  the  drain  pipe  from  getting  clogged  with  detritus 
from  the  ashes. 

SNOW   STRUCTURES. 

364.  Snow-fences.  Snow  structures  are  of  two  distinct 
kinds — fences  and  sheds.  A  snow-fence  implies  drifting  snow — 
snow  carried  by  wind — and  aims  to  cause  all  drifting  snow  to  be 
deposited  away  from  the  track.  Some  designs  actually  succeed 
in  making  the  wind  an  agent  for  clearing  snow  from  the  track 
where  it  has  naturally  fallen.  A  snow-fence  is  placed  at  right 
angles  to  the  prevailing  direction  of  the  wind  and  50  to  100  feet 
away  from  the  tracks.  When  the  road  line  is  at  right  angles  to 
the  prevailing  wind,  the  right-of-way  fence  may  be  built  as  a 
snow-fence — high  and  with  tight  boarding.  Hedges  have  some- 
times been  planted  to  serve  this  purpose.  When  the  prevailing 
wind  is  oblique,  the  snow  fences  must  be  built  in  sections  where 
they  will  serve  the  best  purpose.  The  fences  act  as  wind  break- 
ers, suddenly  lowering  the  velocity  of  the  wind  and  causing  the 
snow  carried  by  the  wind  to  be  deposited  along  the  fence. 
Portable  fences  are  frequently  used,  which  are  placed  (by  per- 
mission of  the  adjoining  property  owners)  outside  of  the  right- 
of-way.  If  a  drift  forms  to  the  height  of  the  portable  fence  the 
fence  may  be  replaced  on  the  top  of  the  drift,  where  it  may  act 
as  before,  forming  a  still  higher  drift.  When  the  prevailing 
wind  runs  along  the  track  line,  snow-fences  built  in  short  sec- 
tions on  the  sides  will  cause  snow  to  deposit  around  them 
while  it  scours  its  way  along  the  track  line,  actually  clearing 
it.  Such  a  method  is  in  successful  operation  at  some  places  on 
the  White  Mountain  and  Concord  divisions  of  the  Boston  & 
Maine  Railroad.  Snow-fences,  in  connection  with  a  moderate 
amount  of  shoveling  and  plowing,  suffice  to  keep  the  tracks 
clear  on  railroads  not  troubled  with  avalanches.  In  such  cases 
snow-sheds  are  the  only  alternative. 

365.  Snow-sheds.  These  are  structures  which  will  actually 
keep  the  tracks  clear  from  snow  regardless  of  its  depth  outside. 
Fortunately  they  are  only  necessary  in  the  comparatively  rare 
situations  where  the  snowfall  is  excessive  and  where  the  snow 
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IS  liable  to  slide  down  steep  mountain  slopes  in 
Thcw!  avnlitnrhcs  frequently  l)ring  down  with  them  rocks,  ttta 
and  earth,  which  would  othenviae  ehoke  up  the  road-bed  im 
render  it  in  a  moment  utterly  Impassable  for  n'eeks  to  com 
The  sheds  arc  usually  built  of  12"X12"  timber  framed  in  aboa 
the  some  manner  us  trestle  timbering;  the  "bents"  are  some 
times  placed  as  close  as  5  feet,  and  even  this  has  proved  insuS 
cient  to  withstand  the  force  of  avalanches.     The  sheds  are  then 
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fore  so  d('si!;ncd  that  the  avalanche  will  be  liefiedtd  over  thei 
instead  of  spending  its  force  against  them.  Althou^  thei 
sheds  are  only  used  in  especially  expos^  places,  yet  Uieir  lengi 
is  frequenlly  verj'  great  and  they  are  habie  to  destruction  by  fin 
To  confine  such  a  fire  to  a  limited  section,  "fire-breaka"  u 
made — i.e.,  the  shed  is  discontinued  for  a  length  of  perhaps  10 
feet.  Then,  to  protect  that  section  of  track,  a  V-ahaped  dc 
Sector  will  be  placed  on  the  uphill  side  which  will  defect  ■] 
descending  material  bu  that  it  passes  over  the  sheds.   Solid  cril 
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work  is  largely  used  for  these  structures.  Fortunately  suitable 
timber  for  such  construction  is  usually  plentiful  and  cheap 
where  these  structures  are  necessary.  Sufficient  ventilation 
is  obtained  by  longitudinal  openings  along  one  side  immediately 
under  the  roof.  "Summer"  tracks  are  usually  built  outside 
the  sheds  to  avoid  the  discomfort  of  passing  through  these  semi- 
timnels  in  pleasant  weather.  The  fundamental  elements  in 
the  design  of  such  structures  is  shown  in  Fig.  162,  which  illus- 
trates some  of  the  sheds  used  on  the  Canadian  Pacific  Railroad. 

FENCES. 

366.  Wire  fences.  The  following  is  condensed  from  the  con- 
clusions adopted  by  the  Amer.  Rwy.  Eng.  Assoc,  and  incor- 
porated in  their  1915  Manual.  The  recommended  standard 
right-of-way  fence  is  a  wire  fence,  supported  on  wood  or  concrete 
posts.  The  wiring  is  to  consist  of  five  to  nine  longitudinal 
strands,  with  vertical  stay  wires  spaced  12  to  24  inches  apart. 
The  longitudinal  and  vertical  wires  are  to  be  locked  or  fastened 
with  a  mechanical  lock  which  will  prevent  slipping  either  longi- 
tudinally or  vertically,  or  the  wires  shall  be  electrically  welded. 
The  wire  shall  be  galvanized  so  as  to  stand  the  following  test: 
"  The  galvanizing  shall  consist  of  an  even  coating  of  zinc,  which 
shall  withstand  one-minute  immersion  tests  in  a  solution  of 
commercial  sulphate  of  copper  crystals  and  water,  the  specific 
gravity  of  which  shall  be  1.185  and  whose  temperature  shall  be 
from  00°  to  70"  F.  Immediately  after  each  immersion  the 
sample  shall  be  washed  in  water  and  wiped  dry.  If  the  zinc  is 
removed,  or  a  copper-colored  deposit  formed  at  the  end  of  the 
fourth  immersion,  the  lot  of  material  from  which  the  sample  is 
taken  shall  be  rejected.  The  fence  shall  be  so  fabricated  as  not 
to  remove  the  galvanizing  or  impair  the  tensile  strength  of  the 
wire."  Electrically  welded  fencing  should  be  galvanized  after 
it  has  been  fabricated. 

367.  l^es.  Class  A  fence  has  9  horizontal  smooth  wires 
whose  spacing,  starting  at  the  ground,  is  5,  4,  4§,  5,  5J,  6,  7,  8 
and  9  inches.  To  make  it  "  hog-tight  "  the  bottom  space  (5") 
is  reduced  to  3  inches  and  a  barbed  wire  is  inserted  midway  in 
the  3-inch  space.  The  top  and  bottom  smooth  wires  are  No.  7 
gauge  wire  and  the  7  intermediate  wires  are  No.  9.  The  ver^ 
tical  stay  wires,  spaced  12  inches,  shall  be  No.  9  gauge. 
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Class  B  fence  lias  7  horizontal  wires,  with  vertical  wires  spAced 
18  inches — all  wires  No.  9  gauge.  The  spacing,  starting  at  tic 
ground,  is  7,  6j,  7,  71,  8,  8|  and  9  inches. 

Class  C  fence  has  5  horizontal  wires,  with  vertical  wires  spaced 
24  inches — all  wires  No.  9  gauge.  The  spacing,  starting  at  the 
ground,  is  9,  7j,  8,  85  and  9  inches. 

Class  D  fence  has  5  horizontal  wires  and  no  vertical  stej 
wires,  the  wires  being  No.  9  gauge.  The  spacing,  starting  aft 
the  ground,  is  10,  10,  10,  12  and  12  inches. 

368.  Posts.  End,  corner,  anchor  and  gate  posts  shaU  be  at  ktit 
8  feet  long  and  set  3  feet  4  inches  in  the  ground,  even  if  blastiiiK 
must  be  resorted  to.  Intermediate  posts  shall  be  at  least  7  feet 
long  and  set  2  feet  4  inches  in  the  ground.  Where  rock  is  en- 
countered at  intermediate  post  holes,  the  intermediate  posts,  if 
of  wood  and  not  more  than  two  in  succession,  may  be  set  on  tSk, 
6"X6"X4'0",  braced  on  both  sides  by  braces  2"X6"X3'0". 
Knd,  comer,  anchor  and  gate  posts,  when  of  wood,  shall  be  8 
inches  in  diameter  at  the  small  end;  when  of  concrete,  sbaD  be 
6  inches  square  at  the  top,  8  inches  square  at  the  base  and  shsB 
be  rcmforced  with  four  i-inch  square  twisted  rods.  Intermediate 
wood  posts  shall  be  at  least  4  inches  in  diameter  at  the  small  end; 
intermediate  concrete  posts  shall  be  4  inches  thick  at  the  tom 
5i  inches  at  the  bottom  and  reinforced  with  three  (or  four, 
dependmg  on  design)  J-mch  square  twisted  rods. 

369.  Braces.  End,  corner,  anchor  and  gate  posts  shall  be 
braced  by  4"  X4''  sawed  luml)cr,  or  round  posts  at  least  4  indm 
in  diameter,  or  by  concrete  struts,  4"X4",  reinforced  with  four 
J-inch  twisted  rods.  The  strut  braces  shall  extend  from  a  point 
about  12"  below  the  top  of  the  braced  post  to  a  point  about  12" 
from  the  ground  line  at  the  adjacent  intermediate  post.  In 
addition,  a  tie,  made  of  a  double  strand  of  No.  9  galyaniied  soft 
wire,  looped  around  the  end,  corner,  anchor  or  gate  post  near  the 
ground  line,  and  around  the  next  intermediate  or  line  post  about 
12  inches  from  the  top,  shall  be  put  on  and  twisted  until  the  top 
of  the  next  intermediate  or  line  post  is  drawn  back  about  2 
inches. 

370.  Concrete  posts.  These  are  recommended.  They  wmy 
be  made  of  one  part  of  cement  to  four  parts  of  pit  graW;  or 
one  part  cement,  two  parts  sand  and  four  parts  of  stone  of  km 
absorption  or  screened  gravel,  the  aggregate  in  any  case  bong 
not  less  than  I"  nor  more  than  i".    The  molds  should  be  oiled 
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or  soaped  and  should  be  vibrated  while  concrete  is  poured  to 
make  the  concrete  more  compact.  The  concrete  should  have  a 
"  quaking  "  consistency.  The  pouring  should  not  be  done  out 
of  doors  in  freezing  weather.  The  concrete  should  not  be  ex- 
posed to  sun,  should  be  sprinkled  every  day  for  8  or  10  days 
and  should  have  90  days  for  curing.  They  should  be  packed 
in  sawdust  or  straw  for  shipment.  Posts  are  usually  made  taper- 
ing and  the  cross-section  is  variously  a  square,  a  rectangle,  or 
an  isosceles  triangle,  the  corners  being  chamfered.  The  rein- 
forcement should  be  placed  not  more  than  J"  from  the  surface 
and  should  be  wired  by  bands  spaced  about  12".  The  fencing 
is  sometimes  fastened  to  the  posts  merely  by  wires  tied  tightly 
about  the  post  or  may  be  fastened  to  metal  lugs  which  are 
embedded  in  the  soft  concrete  during  molding. 

371.  Construction  details.  Wood  posts  shall  be  anchored 
by  gaining  and  spiking  two  cleats,  2"X6"X2'  0",  on  the  side  of 
the  post  below  the  ground  line.  Staples  shall  be  1  inch  long  for 
hard  wood,  and  1 J  inch  for  soft  wood,  made  of  No.  9  galvanized 
steel  wire.  They  shall  be  driven  diagonally  with  the  grain  of 
the  wood,  the  top  wires  double-stapled.  Staples,  No.  9  wire, 
1  inch  long,  weigh  108  to  the  pound;  li  inch  long,  72  to  the 
pound. 

Wire.  No.  7  wire  is  0.177  inch  in  diameter,  weighs  439  pounds 
to  the  mile,  or  12.05  feet  to  the  pound.  No.  9  wire  is  0.148  inch 
in  diameter,  weighs  306  pounds  to  the  mile  or  17.24  feet  to  the 
poimd.  Smooth  wire  is  preferable  to  barbed.  A  heavy  smooth 
wire  or  a  plank  should  be  used  at  the  top  of  a  barbed-wire  fence. 
Wires  shall  be  placed  on  the  side  of  the  post  away  from  the 
track.  Splicing  shall  be  done  as  follows:  "  The  ends  of  the 
wires  shall  be  carried  3  inches  past  the  spUcing  tools  and 
wrapped  around  both  wires  backward  from  the  tool  for  at  least 
five  turns,  and  after  the  tool  is  removed,  the  space  occupied  by 
it  shall  be  closed  by  pulling  the  ends  together."  After  erection, 
wood  posts  should  be  sawed  off,  on  a  one-fourth  pitch,  the  high 
side  being  next  to  the  wire  and  2  inches  above  it. 

Gates  should  be  hinged  to  swing  away  from  the  track;  should 
be  at  least  12  feet  wide  and  4  feet  6  inches  above  the  ground; 
should  swing  shut  by  gravity,  and  the  free  end  should  overlap 
the  post  so  that  it  cannot  be  swung  open  toward  the  track. 
All-metal  construction  is  preferable. 
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373.  Highway  signs.  The  crossing  sign  recommended  hj 
the  Amer.  Rwy.  Eng.  Assoc,  is  essentially  as  follows:  Two 
wooden  blades,  12  inches  wide,  8  feet  long,  with  mitered  ends^ 
are  placed  diagonally,  \\ith  an  angle  of  50^  between  the  blades^ 
on  an  8"X8"X16'  0"  wooden  post  sunk  4  feet  in  the  groimi 
The  lower  9  feet  is  painted  black,  the  upper  7  feet  white.  Tl» 
blades  are  painted  white  with  black  letters  and  a  f-inch  blaek 
border  around  the  blades.  The  border  and  lettering  is  on  both 
sides.  The  lettering  is  Eg>T)tian  style  9  inches  hi^  with  tie 
exception  of  the  connecting  terms,  as  "  for  the  "  in  the  lecom- 
mended  sign,  which  should  be  4  inches  hi^.  The  reoommeiidBd 
wording  is  "  RAILROAD  CROSSING  "  on  one  blade  and 
"  LOOK  OUT  FOR  THE  LOCOMOTIVE  "  on  the  other  Mads. 
The  width  of  band  of  the  letters  is  li  inches.  If  two  raiboMb 
parallel  each  other  within  400  feet,  another  blade  marked 
"  TWO  CROSSINGS  "  should  be  added.  The  laws  in 
states  prescril:)e  what  the  lettering  shall  be. 
•  373.  Trespass  signs.  The  specifications  for  these  sigo 
applicable  to  many  other  public  warnings  ^diich  must  be  di^ 
played.  A  cast-iron  plate,  J  inch  thick,  stiffened  on  the  back  by 
I -inch  diagonal  cast  ribs  and  having  the  letters  and  border  mt 
on  the  front  by  raising  the  siuf ace  about  J  inch,  is  set  on  an  iron  ■ 
post  10  feet  long,  which  is  embedded  2  feet  in  a  block  of  fsoth 
crcte,  which  serves  as  foundation.  The  letters  should  be  about 
2  inches  high.  A  socket  is  cast  on  the  rear  side  of  the  plate  of 
such  dimensions  that  it  will  set  on  the  pipe  and  be  fastened  with 
a  J-inch  set  screw.  The  posts  may  be  made  of  2i-inch  wniuf^ 
iron  pipe  or  of  good  second-hand  boiler  tubes,  whi<^  shoald 
be  filled  with  cement  grout.  The  face  of  the  letters  and  the 
borders  should  Ih?  painted  black  while  the  background  is  painted 
white.  The  tablet  will  usually  be  al)out  30  inches  wide  by  18 
inches  high  with  rounded  corners,  although  the  dimenaiomi  wiD 
vary  in  accordance  with  the  lettering  to  be  placed  on  it.  TllO 
following  trespa^^s  signs  frequentlj'  need  to  be  displayed: 


RAILROAD  PROPERTY 

TRESPASS!  \G 
FORBIDDEN   UNDER 
PENALTY  OF  LAW 


DANGER 
DO  NOT 
TRESPASS  ON 
RAILROAD 
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DANGER 
DO  NOT 
TBEBPASS  ON  THIS 
BRIDGE 


374.  Marker  poets.  Mile  posts  are  most  economically  made, 
considering  their  durability,  of  skeletonized  cast  iron.  The  post 
is  made  up  of  two  sUbs  of  cast  iron  i  inch  thick,  8  feet  long,  the 
width  tapering  from  10  inches  to  12  inches,  the  two  slabs  being 
formed  in  one  piece  and  connected  at  intervals  by  i-inch  webs 
and  a  top  and  bottom  plate.  Tliey  should  be  set  3  feet  6  inches 
in  the  ground  and  hjive  a  4-inch  slab  of  concrete  or  a  heavy,  flat 
stone  as  a  base.  The  mile  post  numbers  should  be  cast  in  raised 
letters  on  the  face,  the  letters  being  4  J  inches  hi^.  The  two 
faces  should  be  at  right  angles  with  each  other  and  should  each 
stand  at  an  angle  of  45°  with  the  track.  They  should  be  set  at 
least  8  feet  from  the  gauge  line  of  the  nearest  rail  and  11  feet 
away,  where  it  is  practicable.  The  numbers  should  be  so  set 
that,  on  approach,  the  distance  to  the  terminus  or  division  point 
beyond  will  be  indicated. 

The  separating  line  between  divisions  is  indicated  to  track 
men  by  an  iron  sign,  called  a  division  post,  which  is  structurally 
the  same  as  that  of  the  mile  posts.  The  two  divisions  are 
indicated  by  raised  lettering  on  the  faces  of  the  posts.  Of 
course  there  must  be  a  variation  in  the  lettering  or  numbering 
and  a  special  post  must  be  cast  for  each  location  of  division  post 
or  mile  post. 

Whistle  signs  are  made  similarly  except  that  there  is  but  one 
slab,  suitably  reinforced  with  ribs,  and  which  faces  In  the  desired 
direction.  The  letter  W  7i  ins.  high  is  cast  in  raised  letters 
near  the  top.  The  ring  sign  is  made  similarly  by  using  the  letter 
R.  The  si^arating  Une  between  sections  is  indicated  to  the 
trackmen  by  a  cast-iron  sign,  called  a  section  post,  which  is  made 
similarly  to  the  Trespass  Signs,  except  that  the  tablet  is  much 
smaller.  Such  a  sign  will  have  two  consecutive  numbers,  for 
example,  24r'25,  to  indicate  that  the  sign  is  at  the  separating 
line  between  section  24  and  section  25. 

375,  Bridge  waming.  When  possible  the  headroom  beneath 
overhead  bridges  is  made  at  least  22  ft.,  which  will  make  it 
safe  for  a  trainman  to  stand  on  the  top  of  a  freight  car  which  is 
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passing  under  the  bridge,  but  it  is  not  always  possible  to  have 
that  amount  of  headroom.  Under  such  circumstances,  a 
warning  for  trainmen  is  necessary.  These  are  made  by  sus- 
pending "  ticklers,"  which  are  a  series  of  ropes  spaced  6  ins. 
apart  which  are  suspended  over  the  track  at  a  sufficient  distance 
from  the  bridge  or  tunnel  so  that  the  trainman  shall  have  suffi- 
cient warning  if  he  is  struck  by  the  dangling  ropes.  For  a 
single  track  road  the  tickler  may  be  suspended  from  a  horizontal 
arm  fastened  to  a  pole  planted  at  least  10  ft.  from  the  track 
center,  the  arm  being  braced  by  a  tie  from  the  top  of  the  pole 
and  also  by  a  short  strut  underneath.  When  several  tracks  are 
to  be  spanned,  two  poles  will  be  used  and  a  catenary  cable, 
between  the  tops  of  the  poles,  supports  a  horizontal  cable  by 
means  of  a  pair  of  suspenders  over  each  track.  The  standard 
on  the  Pennsylvania  Railroad  has  19  ticklers  6  ins.  apart  over 
each  track.  The  bottoms  of  the  several  ropes  are  6  ins.  below 
the  bottom  line  of  the  bridge,  the  ropes  having  a  length  varying 
from  3  ft.  to  5  ft.  3  ins.  The  ropes  are  fastened  to  i  in.  or  f  in. 
iron  rods  which  swing  on  ring-bolts  which  are  run  through  a 
wooden  arm  or  hanger.  The  distance  from  the  warning  to  the 
bridge  or  timnel  should  be  about  100  to  200  ft.,  depending 
somewhat  on  the  grade,  since  that  affects  the  time  of  the  average 
freight  train  in  passing  the  interval. 


CHAPTER  XIII. 

YARDS  AND  TERMINALS. 

376.  Value  of  proper  design.  A  large  part  of  the  total  cost  of 
handling  traffic,  particularly  freight,  is  that  incurred  at  terminals 
and  stations.  It  amounts  to  about  15%  of  the  total  operating 
expenses  of  a  railroad.  Freight  arrives  at  any  one  of  the  hun- 
dreds of  thousands  of  freight  stations  of  the  country,  to  be 
shipped  to  any  other  one  of  those  stations.  It  may  consist  of 
a  single  ))ackagc  or  several  carloads  of  bulk  freight.  It  may 
have  to  be  transferred  from  car  to  car,  or  the  car  itself  trans- 
ferred from  road  to  road.  In  any  case,  the  classification  and 
handling  of  the  freight,  whether  in  individual  packages  or  in 
carloads,  is  complicated  and  expensive  and  any  device  for  reduc- 
ing the  labor  of  handling  such  freight,  or  which  saves  time  in 
doing  it,  has  a  definite  money  value.  Assume  that  an  improve- 
ment in  the  design  of  the  yard  will  permit  a  saving  of  the  use 
of  one  switching  engine,  or  for  example^  that  the  work  may 
be  accomplished  with  three  switching  engines  instead  of  four. 
Assuming  a  daily  cost  of  $25,  we  have  in  313  working  days  an 
annual  saving  of  $7825,  which,  capitalized  at  5%,  gives  $156,500, 
enough  to  reconstruct  any  ordinary  yard. 

377.  Definitions.  (Compiled  from  Proc.  Amer.  Rwy.  Eng. 
Assoc.) 

Yard.  A  system  of  tracks  within  defined  limits  provided  for 
making  up  trains,  storing  cars,  and  other  purposes,  over  which 
movements  not  authorized  by  timetable  or  by  train  order  may 
bo  made,  subject  to  prescribed  signals,  rules  and  regulations. 

Receiving  yard.    A  yard  for  receiving  trains. 

Classification  yard.  A  yard  in  which  cars  are  daasified  or 
grouped  in  accordance  with  requirements. 

Departure  or  forwarding  yard.  A  yard  in  which  can  are 
assembled  in  trains  for  fonvarding. 

Storage  yard.  A  yard  in  which  cars  are  held  awaiting  dis- 
position. 

Summit  or  htmip  yard.  A  yard  in  which  the  movement  of 
cars  is  accom])lishcd  by  pushing  them  over  a  summit,  beyond 
which  they  run  by  gravity. 
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Body  track.  Each  of  the  parallel  tracks  of  a  yard,  upon 
which  cars  are  switched  or  stored. 

Ladder  track.  A  track  connecting  successively  the  body 
tracks  of  a  yard. 

Lead  track.  An  extended  track  connecting  either  end  of  a 
yard  with  the  main  track. 

Running  track.   A  track  reserved  for  movement  through  a  yard. 

Crossover  track.    A  track  connecting  two  adjacent  tracks. 

Stub  track.     A  track  connected  with  another  at  one  end  only. 

Spur  track.  A  stub  track  of  indefinite  length  diverging  from 
a  main  line  or  track. 

House  track.  A  track  alongside  of  (or  entering)  a  freight 
house;  used  for  cars  receiving  or  delivering  freight  at  the  house. 

Team  track.  A  track  where  freight  is  transferred  directly 
between  cars  and  wagons. 

378.  General  principles.  It  should  be  recognised  at  the  start 
that  at  many  places  an  ideally  perfect  yard  is  impossible,  or  at 
least  impracticable,  generally  because  ground  of  the  required 
shape  or  area  is  practically  unobtainable.  But  there  are  some 
general  principles  which  may  and  should  be  followed  in  every 
yard  and  other  ideals  which  should  be  approached  as  nearly  as 
possible.     Nevertheless  every  yard  is  an  independent  problem. 

Body  tracks  should  be  spaced  13  feet  to  14  feet  center  to  center, 
under  ordinary  conditions,  and  where  they  are  parallel  to  main 
track  or  other  important  running  track,  the  first  body  track 
should  be  spaced  not  less  than  15  feet  center  to  center  from 
such  main  or  important  track.     • 

Ladder  tracks  should  be  spaced  not  less  than  15  feet  center 
to  center  from  any  parallel  track.  Frogs  of  greater  angle  than 
No.  8  should  not  be  generally  used,  and  the  angle  between  the 
ladder  track  and  body  tracks  will  be  governed  by  the  distance 
on  ladder  tnujks  required  for  a  turnout. 

To  facilitate  train  movements  the  connections  of  lead  tracks 
with  the  miUn  track  should  be  interlocked. 

Running  tracks  should  be  provided  for  movements  in  either 
direction  to  enable  yard  engines  to  pass  freely  from  one  {KMsition 
of  the  yard  to  the  other;  also  to  enable  road  and  yard  engines 
to  pass  to  and  from  the  engine  house  and  other  points  where 
facilities  are  provided. 

Crossover  tracks  should  be  located  at  most  eonvement  points 
where  they  will  least  interfere  with  regular  xkrov^nents. 
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Caboose  tracks  should  be  so  located,  where  conditioDs  permit, 
that  cabooses  can  be  placed  on  and  removed  from  trains  in  the 
order  of  their  arrival,  and  should  be  so  constructed  that  cabooses 
can  be  dropped  by  gravity  onto  the  rear  of  trains  made  up  for 
departure. 

Scale  tracks  should  be  so  located  that  weighing  can  be  done 
with  least  delay  and  without  drilling  over  scale.  Where  many 
cars  are  to  be  weighed  they  should  pass  separately  over  the  scale 
by  gravity,  being  weighed  while  in  motion. 

Coaling,  ashpit,  sand  and  engine  tracks  should  be  located 
on  tbe  route  leading  to  and  from  the  engine  house  and  should 
provide  sufficient  storage  for  tbe  reception  of  engines  by  the 
hostler.  They  should  be  so  arranged  that  water,  coal  and  sand 
can  be  taken  and  ashes  disposed  of  in  convenient  rotation,  and 
that  switching  engines  may  clean  fires,  take  coal,  water  and 
sand  and  pass  around  waiting  engines. 

Bad-order  tracks.  Where  cars  are  classified,  one  or  more 
classification  tracks,  easy  of  access,  should  be  provided  for  setting 
ofif  cars  in  bad  order,  from  which  they  may  be  readily  removed 
to  the  repair  tracks. 

Repair  tracks  should  preferably  be  connected  at  both  ends 
and  have  a  maximum  capacity  of  about  15  cars  each,  spaced 
alternately  16  feet  and  24  feet  center  to  center  and  be  connected 
conveniently  to  bad-order  tracks. 

Icing  tracks  should  be  so  located  that  the  work  of  whiffing 
out,  icing  and  classifying  cars  for  movement  can  be  performed 
in  the  least  time. 

The  Main  tracks  of  both  single  and  double  track  loads 
should  be  located,  if  it  is  possible  to  so  arrange,  on  the  outside 
of  yard,  and  the  engine  house,  coaling  station,  etc.,  should  be 
centrally  located. 

The  Coach  cleaning  yard  should  be  located  near  the  temunal 
station.  The  tracks  should  be  of  sufficient  length  to  hold  full 
trains,  with  a  car  cleaners'  repair  and  supply  building  adjacent 
thereto. 

Roadways.  Where  the  freight  house  is  on  one  side  and  m 
wall  on  the  other,  the  minimum  width  of  roadway  should  be 
30  feet;  but  where  a  freight  house  is  on  one  side  and  a  team 
track  or  another  freight  house  is  on  the  other,  the  minimum 
clear  width  of  roadway  should  be  40  feet. 

A  Transfer  Station  should  be  located  at  a  point  where  tmflie 
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380.  Hump  yards.  The  operation  of  hump  yards  makes  it 
possible  to  develop  the  necessary  potential  energy  for  car  move- 
ment by  a  switching  engine  with  the  maximum  of  economy, 
while  the  classification  is  accomplished  in  the  minimum  of  time. 
The  cars  are  pushed  up  the  grade  and  over  the  summit,  from 
which  they  begin  immediately  to  descend  on  a  grade  which  is 
preferably  4%.  As  each  "  cut*'  of  one  or  more  cars  reaches 
the  4%  grade,  gravity  accelerates  its  motion  and  it  separates 
automatically  from  the  cars  behind  it.  Each  cut  then  passes 
down  the  ladder  track  until  it  reaches  the  particular  body  track 
on  which  it  is  desired  to  be  run.  Grades.  In  Chapter  XVI, 
it  is  elaborated  that  track  resistance  is  greater  in  winter  than 
in  summer,  and  also  that  it  is  much  greater  on  switch  tracks 
than  on  straight  unbroken  track.  The  difference  between  oold- 
weathcr  and  warm-weather  resistance  is  so  great  that  the  length 
or  rate  of  the  acceleration  grade  required  to  furnish  the  neoes- 
sary  energy  varies  with  the  temperature  or  climate.  The  Amer. 
Rwy.  Eng.  Assoc,  in  1917  adopted  three  typical  profiles  f<w 
humps,  designed  for  "  cold,  moderate  and  warm  climates." 
The  designs  also  include  the  location  of  track  scales  (see  §  382) 
which  modify  the  grading.  Some  of  the  grades  are  only  nominal 
since  the  transition  from  one  grade  to  another  requires  such 
long  vertical  curves  (see  §§  84r-87)  that  they  occupy  the  entire 
length  of  the  nominal  grades,  and  the  profile  over  the  hump, 
and  for  some  distance  beyond,  consists  of  a  series  of  compounded 
vertical  curves.  For  example,  the  profile  which  is  recommended 
for  warm  climates  is  shown  in  Fig.  166.  Nominally  the  summit 
is  reached  by  a  short  length  of  1.5%  grade,  with  a  level  grade 
at  the  summit  followed  by  25  feet  of  4%  down-grade  and  then 
77  feet  of  0.6%  down-grade,  on  which  is  located  the  track  scales. 
But  Fig.  166  shows  that  a  vertical  curve  of  674  feet  radius  starts 
from  the  1.5%  grade,  is  tangent  to  the  level  grade  at  the  sunmut^ 
and  reaches  the  4%  grade,  where  it  reverses  into  an  up-curving 
674-ft.  curve  which  joins  the  0.6%  grade.  The  reconunended 
profiles  for  "  moderate  and  cold  "  climates  can  be  constructed, 
similar  to  that  in  Fig.  166  from  the  data  in  the  tabular  fonn. 
Note  that  the  length  or  steepness  of  the  acceleration  grades 
and  of  the  ladder  track  is  increased  as  the  climate  is  colder.  If 
the  grades  are  too  low  the  cars  will  not  reach  their  desired  dflflti- 
nations;  if  too  steep,  there  must  be  an  unnecessary  use  of  hrakfis 
or  a  destructive  bumping  of  cars  on  the  body  tracks.    Nevei^ 
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Locality. 

Hump- 
level 
length. 

Accel, 
grade. 

Scale 
grade. 

Accel, 
grade. 

Ladder 
track. 

Radius 

vert. 

curve. 

Warm  climate 
Moderate  ' ' 
Cold 

18.58' 
28.75' 
39.30' 

25'      4% 
37.5' 4 
50'      4 

77'  0.6% 
89'  0.8 
100'  1.0 

100'  2.5% 
100'  3.0 
100'  4.0 

1.0% 

1.25 

1.5 

674' 
1040' 
1428.6' 

theless,  as  will  be  shown  in  §  438,  the  actual  resistance  of  cars 
through  switches  is  so  variable  that  an  excess  of  power  must  be 
provided  to  prevent  the  stalling  of  some  cars  before  they  reach 
their  destination.  The  grade  from  the  receiving  track  to  the 
hump  should  be  such  that  one  engine  can  push  the  maximum 
train  over  the  hump.  Since  empty  cars  have  a  greater  tractive 
resistance  per  ton  than  loaded  cars,  they  require  a  steeper  grade 
to  maintain  the  same  velocity,  and,  therefore,  when  tracks  are 
set  aside  for  the  use  of  empty  cars,  the  grade  leading  to  such 
empty  tracks  should  be  increased  if  possible.  Operation.  To 
operate  such  a  hump  efficiently,  the  yard  clerk  makes  up  a  triple 
(or  quadruple)  list  for  each  freight  train  arriving  at  the  yard 
for  distribution.  One  of  these  lists  is  given  to  the  man  cutting 
off  the  cars  at  the  top  of  the  hump,  and  one  to  the  towerman, 
if  the  switches  are  operated  from  the  tower,  or  one  to  each  switch 
tender  if  the  switches  are  band-operated.  Each  list  contains 
in  the  first  column  the  consecutive  number  of  the  cut,  in  the 
second  column  the  number  of  the  track  on  which  that  cut  of 
cars  is  to  be  placed,  and  in  the  third  column  the  number  of  cars 
cut.  Cut  No.  1  is  the  first  car  (or  cars)  to  go  over  the  hump. 
A  brakeman,  or  '*  rider,"  accompanies  each  car,  or  group  of  cars. 
To  avoid  the  great  waste  of  time  required  for  these  riders  to 
walk  back  to  the  hump,  it  has  been  found  economical  in  some 
large  yards  to  have  a  track  for  the  exclusive  use  of  a  car,  especi- 
ally fitted  for  easy  jumping  on  or  off,  operated,  perhaps,  by  a 
switching  engine,  or  possibly  by  gasoline,  which  picks  up  the 
riders  and  carries  them  back  to  the  hump.  The  aggregate 
time  saved  justifies  the  expenditure.  The  scale  grade  has  been 
designed  in  each  case  so  that  each  car  will  pass  over  the  scale 
with  a  maximum  velocity  of  four  miles  per  hour,  which  means 
that  the  car  shall  be  entirely  on  the  scale  platform  for  a  minimum 
time  of  three  seconds.  Although  the  grade  over  the  scales  may 
be  as  high  as  1%  for  motion  weighing,  the  weighing  mechanism 
must  be  installed  on  a  level  plane  and  the  weighing  rails  are 
blocked  up  to  the  desired  grade. 
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381.  Ladder  tracks.  Twenty-seven  types  of  ladder  tracks 
are  shown  in  the  1917  Committee  report  to  the  A.  R.  E.  A.,  but 
nearly  one-half  of  the  ladders  reported  in  actual  use  belong  to 
type  a,  Fig.  166a,  and  about  one-half  of  the  remainder  belong  to 
types  b  and  c.  The  other  twenty-four  types  are  chiefly  expansions 
and  developments  of  the  three  types  shown.  Note  that  in  types 
a  and  c,  the  switches  arc,  in  each  case,  in  a  strai^t  line  along 
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one  of  the  tracks,  which  simplifies  the  working  of  the  switches, 
whether  they  are  worked  from  a  tower  or  on  the  ground  by  hand. 
382.  Track  scales.  I'he  standard  design  for  a  hump  yaidi 
§  380,  shows  a  track-scale  grade,  as  an  integral  part  of  the  d^ign, 
located  just  beyond  the  hump.  It  has  been  found  that  it  is 
practicable  to  weigh  cars  with  sufficient  accuracy  while  the  can 
are  in  motion,  provided  the  speed  does  not  exceed  4  miles  per 
hour,  or  5.87  feet  per  second,  and  provided  that  the  length  of 
the  scale  is  such  that  the  car  is  entirely  and  alone  on  the  scale 
for  a  minimum  of  three  seconds.  This  condition  will  be  ful- 
filled when  the  scale  is  17.G  feet  longer  than  the  distance  from 
front  to  rear  axle  of  the  car.  Scales  with  lengths  of  50,  56  and  60 
feet  are  considered  standard.  The  sensibility  redprocal  is  the 
weight  required  to  be  added  or  removed  from  the  live  mils  to 
turn  the  beam  frop^  a  horizontal  position  of  equilibrium  in  the 
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center  of  the  trig  loop  to  a  position  of  equilibrium  at  either 
limit  of  its  travel;  such  weight  shall  not  exceed  50  lbs.  in  any 
case.  The  tolerance  to  be  allowed  on  the  first  field  test,  after 
installation  corrections,  of  all  new  railroad  track  scales,  shall 
not  exceed  ^  of  1%,  or  50  lbs.  per  100,000  lbs.  for  any  position 
of  the  test-car  load  on  the  scale.  The  minimum  test-car  load 
shall  be  30,000  lbs.  Location.  The  scale  should  be  elevated 
above  the  other  tracks  of  the  yard  so  that  surface  drainage 
shall  not  drain  into  the  pit.  The  location  of  the  scale  near  a 
hump  summit  fits  in  with  this  requirement.  The  foundations 
should  be  made  of  concrete.  The  finished  floor  of  the  pit  should 
be  at  least  7  feet  below  the  base  of  the  rails;  the  floor  should 
be  at  least  6  inches  thick  and  as  much  thicker  as  a  soft  sub- 
soil might  demand.  The  concrete  of  the  walls  and  floor  should 
be  effectively  waterproofed  to  exclude  sub-soil  water.  A  sump, 
with  provision  for  drainage  outfall,  should  be  provided  to  dis- 
pose of  any  rainfall  or  other  drainage  which  might  accumulate 
in  the  pit.  Approach.  There  should  be  at  least  50  feet  of 
tangent  track  on  each  approach.  The  approach  tracks  should 
be  carried  on  approach  walls  or  piers  extending  15  to  25  feet  from 
the  end  walls  of  the  pit,  so  that  accurate  line  and  surface  of  the 
approach  tracks  is  maintained  and  so  that  the  approach  rails 
may  be  absolutely  anchored  against  creeping.  Dead  rails,  oflf- 
setted  16"  from  the  live  rails,  will  carry  cars  over  the  scale  pit, 
when  so  desired,  without  any  stress  or  influence  on  the  scale 
mechanism.  One  dead  rail  may  be  supported  on  the  side  wall 
of  the  pit  and  the  other  on  pedestals  or  on  transverse  floor  beams 
which  are  spaced  (usually)  2'  6"  and  which  are  independent  of 
the  weighing  platform.  Details  must  conform  to  the  some- 
what varying  plans  of  various  manufacturers. 

383.  Transfer  cranes.  These  are  almost  an  essential  feature 
for  yards  doing  a  large  business.  The  transportation  of  built- 
up  girders,  castings  for  excessively  heavy  machinery,  etc.,  which 
weigh  5  to  30  tons  and  even  more,  creates  a  necessity  for 
machinery  which  will  easily  transfer  the  loads  from  the  car  to 
the  truck  and  vice  versa.  An  ordinary  *'  gin-pole  "  will  serve 
the  purpose  for  loads  which  do  not  much  exceed  5  tons.  A 
fixed  framework,  covering  a  span  long  enough  for  a  car  track  and 
a  team  space,  with  &  trolley  traveling  along  the  upper  chord,  is 
the  next  design  in  the  order  of  cost  and  convenience.  Increasing 
the  span  so  that  it  covers  two  car  tracks  and  two  team  spaces 
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will  very  materullr  in- 
crease the  capacity.  Mak- 
ing the  frame  movable  K 
that  it  travels  on  tracks 
which  arc  psraltel  to  the 
car  tracks,  givit^;  the 
frame  a  longitudinal  mo* 
tiim  equal  to  two  or  ttane 
car  lengths,  and  fin&Uy 
o|>erating  the  raising  and 
traveling  mechanism  by 
I»wer,  the  facility  for 
xajiidly  diaposing  of  heavy 
article  of  freight  is  greatly 
increased.  Of  course  only 
a  very  small  proportim 
of  freiglit  requires  audi 
handling,  and  the  I  lUSiDeM 
of  a  yard  muat  be  large  or 
perliaps  of  a  special  char- 
acter to  justify  and  pay 
for  the  installation  of  Bueh 
a  mechanism.  A  transfer 
crane,  evidently  of  tho 
fixed  type,  is  indicated  in 
Fig.  165. 

3S4.  Engine  7ntds  « 
Teiminals.  Theeeidiould 
be  located  so  that  thei« 
is  easy  access  to  bath  the 
main  tine  and  the  various 
yards,  with  the  fewnt 
possible  reverae  of  con- 
flicting movements.  Tlw 
yards  must  contain  all 
the  tracks,  buUdinn 
Btructurea,  and  fftcilitin 
which  are  necessafy  for 
the  maintenance,  mnr 
and  storage  of  loe(»KftiTe> 
and  for  providing  Umb 
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ed  supplies.    The  supplies  are  fuel,  water,  sand, 

low,  etc.     Ash-pits  are  generally  necessary  for  the 

economical    disposition    of   ashes;    engine-houses 

for  the  storage  of  engines  and  as  a  place  where 

can  be  quickly  made.     A  turntable  is  another  all 

requirement.     The    arrangement    of    all    these 

engine  yard  should  properly  depend  on  the  form 

In  general  they  should  be  grouped  together  and 

near  as  possible  to  the  place   where  through 

the  trains  just  brought  in  and  where  they  couple 

ed  outgoing   trains,  so  that  all  unnecessary  run- 

'-  be  avoided.     Switching  engines  should  be  able 

J,  take   their  supplies   and   pass   around  waiting 

In  Figs.  164,  167  and    167a  are  shown  designs 

)e  studied  with  reference  to  the  relative  arrange- 

,rd  facilities. 

nger  terminals.  The  word  terminitl  is  applied 
railway  station  at  an  actual  terminus,  beyond 
us  are  run,  but  also  to  an  important  intermediate 
J  trains  are  assembled,  assorted,  classified  and 
two  types  are  called  dead-end  and  through  term- 
n.  Rwy.  Eng.  Assoc,  has  adopted  standard  plans 
ese  two  types.  Even  when  there  is  good  reason 
some  of  the  details,  certain  principles  should  be 
ar  as  possible.  Some  of  these  principles,  which, 
»ly  to  both  types,  are  as  follows : 
id  terminals.  See  Fig.  167a.  The  track  level  and 
raised  above  the  street  level,  so  as  to  permit  any 
•OSS  streets  to  run  under  the  tracks.  A  ramp  on 
is  indicated  in  the  section  of  the  terminal  building. 
I  serves  a  pair  of  tracks  whose  centers  are  28' 
lug  5'  6"  from  the  track  center  to  the  edge  of  the 
platforms  then^selves  are  17'  wide.  The  length 
ns  vary  from  about  600  to  over  1100  feet,  but  the 
:ir  number  should  depend  on  the  extent  of  business 
.  The  intermediate  platforms  are  protected  for 
u  of  their  length  by  "  butterfly  "  roofs  i  )ported 
ilumns,  the  roofs  draining  inward  to  lo:  ;udinal 
^center,  which  discharge  into  leaders  alo]  e  t 
sets  of  ladder  tracks,  with  single  or  i 

with  each  one  of  the  platform 
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either  main  track  may  be  directly  connected  with  any  platform 
track.  The  space  under  the  tracks,  and  at  the  street  level, 
is  utilized  for  rooms  for  baggage,  mail  and  express,  which  are 
carried  to  the  track  level  by  elevators,  one  to  each  platform. 
The  coach  cleaning  yard  has  a  series  of  parallel  tracks  13'  to  18' 
apart  c.c.  between  a  pair  of  parallel  ladder  tracks.  The  engine 
yard  has  a  sand  and  coaling  station,  ash-pit  with  ash-car  track, 
oil-house,  water  tank,  engine  supply  house,  turntable,  shop 
and  shop-yard  tracks. 

(b)  Through  termiaals.  See  Fig.  1676.  As  above,  the  train 
floor  level  is  above  the  street  level.  A  passage  way  runs  trans- 
versely tmder  the  tracks,  from  which  two  pairs  of  stairways  run 
in  each  direction  to  the  station  platforms.  As  before,  the  bag- 
gage, mail  and  express  rooms  are  on  the  street  level,  under  the 
tracks,  and  connect  with  the  platforms  by  elevators.  The  two 
middle  tracks  are  main  tracks,  which  may  be  used  byany  trains, 
through  freight  or  passenger,  which  do  not  stop  at  the  station. 
The  two  platforms  each  have  two  tracks,  one  on  each  side. 
The  three  tracks  of  each  group  run  into  one  main  track  for  each 
direction  of  movement,  at  either  end  of  each  platform.  The 
two  main  tracks  are  connected  by  two  crossovers,  arranged  for 
direct  and  reversed  movement.  The  figure  also  shows  an 
arrangement  of  switches  for  the  junction  of  a  branch  line  with 
the  main  line,  with  three  car-yard  tracks  in  the  Y  of  the  junc- 
tion. 
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stations  located  so  frequently  that  only  one  train  will  be  al- 
lowed between  two  consecutive  oflSces  at  once,  it  virtually 
becomes  a  block  system  even  though  it  is  not  called  such. 
When  such  a  system  is  adhered  to  rigidly,  it  is  called  an  absoltUe 
block  system  But  when  operating  on  this  system,  a  delay  of 
one  train  will  necessarily  delay  every  other  train  that  follows 
closely  after.  A  portion,  if  not  all,  of  the  delay  to  subsequent 
trains  may  be  avoided,  although  at  some  loss  of  safety,  by  a 
system  of  permissive  blocking.  By  this  system  an  operator 
may  give  to  a  succeeding  train  a  "clearance  card"  which  per- 
mits it  to  pass  into  the  next  block,  but  at  a  reduced  speed  and 
with  the  train  under  such  control  that  it  may  be  stopped  on 
very  short  notice,  especially  near  curves.  One  element  of  the 
danger  of  this  system  is  the  discretionary  power  with  which  it 
invests  the  signalmen,  a  discretion  which  may  be  wrongfully 
exercised.  A  modification  (which  is  a  fruitful  source  of  colli- 
sions on  single-track  roads)  is  to  order  two  trains  to  enter  a 
block  approaching  each  other,  and  with  instructions  to  pass 
each  other  at  a  passing  siding  at  which  there  is  no  telegraph- 
station.  When  the  instructions  are  properly  made  out  and 
literally  obeyed,  there  is  no  trouble,  but  every  thousandth  or 
ten  thousandth  time  there  is  a  mistake  in  the  orders,  or  a  mis- 
understanding or  disobedience,  and  a  collision  is  the  result.  The 
telegraph  line,  a  code  of  rules,  a  corps  of  operators,  and  sig- 
nals under  the  immediate  control  of  the  operators,  are  all  that 
is  absolutely  needed  for  the  simple  manual  system. 

387.  Development  of  the  manual  system.  One  great  diffi- 
culty ^*ith  the  simple  system  just  described  is  that  each  oj>erator 
is  practically  independent  of  others  except  as  he  may  receive 
general  or  specific  orders  from  a  train-dispatcher  at  the  division 
headquarters.  Such  difficulties  are  somewhat  overcome  by  a 
very  rigid  system  of  rules  requiring  the  signalmen  at  each  station 
to  keep  the  adjacent  signalmen  or  the  train-dispatcher  in- 
formed of  the  movements  of  all  trains  past  their  own  stations. 
When  these  rules  (which  are  too  extensive  for  quotation  here) 
are  strictly  observed,  there  is  but  little  danger  of  accident,  and 
a  neglect  by  any  one  to  observe  any  rule  will  generally  be  appar- 
ent to  at  least  one  other  man.  Nevertheless  the  safety  of  trains 
depends  on  each  signalman  doing  his  duty,  and  a  httle  careles&« 
ness  or  forgetfulness  on  the  part  of  any  one  man  may  cause  an 
accident.    The  signaling  between  stations  may  be  done  by 


v. 


CHAPTER  XIV. 

BLOCK   SIGNALING. 
GENERAL  PRINCIPLES. 

385.  Two  fundamental  systems.  The  growth  of  systems  of 
block  signaling  has  been  enormous  within  the  last  few  yean— 
both  in  the  amount  of  it  and  in  the  development  of  g:reater  per- 
fection of  detail.  The  development  has  been  along  two  general 
lines:  (a)  the  manual^  in  which  every  change  of  signal  is  the 
result  of  some  definite  action  on  the  part  of  some  signalman,  but 
in  which  every  action  is  so  controlled  or  limited  or  subject  to 
the  inspection  of  others  that  a  mistake  is  nearly,  if  not  quite, 
impossible;  (6)  the  automaiiCj  in  which  the  signals  are  oper- 
ated by  mechanism,  which  cannot  set  a  wrong  signal  as  long  as  the' 
mechanism  is  maintained  in  proper  order.  The  fundamental 
principles  of  the  two  systems  will  be  briefly  outlined,  after  which 
the  chief  details  of  the  most  conunon  systems  will  be  pointed  out. 

386.  Manual  systems.  Small  traffic  roads  are  usually  operated 
on  the  basis  of  the  "train-order  system."  A  "train  dispatcher" 
controls  the  movement  of  every  train  on  his  division  and  telegrapha 
orders  to  men  (who  are  frequently  station  agents)  at  various  points 
along  the  line,  who  transmit  these  orders  to  the  trainmen  as  the 
trains  reach  these  points.  A  train-order  signal  station,  whether  at 
a  regular  traffic  station  or  in  a  special  cabin,  has  "  train-order 
signals  "  which,  when  in  the  stop  position,  inform  the  ftnginftmi^n 
and  conductor  that  they  are  to  receive  orders  at  the  telegraph 
office;  the  clear  position  informs  them  that  there  are  no  orders 
for  them.  When  more  than  one  train  is  allowed  on  a  single 
track  between  two  consecutive  train-order  stations,  the  engine- 
man  and  conductor  of  each  train  has  strict  orders  with  reference 
to  the  other  train,  for  example,  that  the  trains  are  to  pass  at 
some  siding  where  there  is  no  telegraphic  station.  A  very  strict 
code  of  rules  has  been  developed  which,  when  literally  followed, 
ensures  safety  of  operation,  but  these  rules  cannot  eUminate 
the  human  clement,  or  the  liability  of  personal  negligence 
or  error.  When  such  a  system  is  applied  to  a  doubl^tnoic 
road,  or  even  to  a  single-track  road,  with  tWO^irder  signal 

412 


§  387.  BLOCK  SIGNALING.  413 

stations  located  so  frequently  that  only  one  train  will  be  al- 
lowed between  two  consecutive  offices  at  once,  it  virtually 
becomes  a  block  system  even  though  it  is  not  called  such. 
When  such  a  system  is  adhered  to  rigidly,  it  is  called  an  absoltUe 
block  system  But  when  operating  on  this  system,  a  delay  of 
one  train  will  necessarily  delay  every  other  train  that  follows 
closely  after.  A  portion,  if  not  all,  of  the  delay  to  subsequent 
trains  may  be  avoided,  although  at  some  loss  of  safety,  by  a 
system  of  permissive  blocking.  By  this  system  an  operator 
may  give  to  a  succeeding  train  a  "clearance  card"  which  per- 
mits it  to  pass  into  the  next  block,  but  at  a  reduced  speed  and 
with  the  train  under  such  control  that  it  may  be  stopped  on 
very  short  notice,  especially  near  curves.  One  element  of  the 
danger  of  this  system  is  the  discretionary  power  with  which  it 
invests  the  signalmen,  a  discretion  which  may  be  wrongfully 
exercised.  A  modification  (which  is  a  fruitful  source  of  colli- 
sions on  single-track  roads)  is  to  order  two  trains  to  enter  a 
block  approaching  each  other,  and  with  instructions  to  pass 
each  other  at  a  passing  siding  at  which  there  is  no  teleg^raph- 
station.  When  the  instructions  are  properly  made  out  and 
literally  obeyed,  there  is  no  trouble,  but  every  thousandth  or 
ten  thousandth  time  there  is  a  mistake  in  the  orders,  or  a  mis- 
understanding or  disobedience,  and  a  collision  is  the  result.  The 
telegraph  line,  a  code  of  rules,  a  corps  of  operators,  and  sig- 
nals under  the  immediate  control  of  the  operators,  are  all  that 
is  absolutely  needed  for  the  simple  manual  system. 

387.  Development  of  the  manual  system.  One  great  diffi- 
culty T\'ith  the  simple  system  just  described  is  that  each  operator 
is  practically  independent  of  others  except  as  he  may  receive 
general  or  specific  orders  from  a  train-dispatcher  at  the  division 
headquarters.  Such  difficulties  are  somewhat  overcome  by  a 
very  rigid  system  of  rules  requiring  the  signalmen  at  each  station 
to  keep  the  adjacent  signalmen  or  the  train-dispatcher  in- 
formed of  the  movements  of  all  trains  past  their  own  stations. 
When  these  rules  (which  are  too  extensive  for  quotation  here) 
are  strictly  observed,  there  is  but  little  danger  of  accident,  and 
a  neglect  by  any  one  to  observe  any  rule  will  generally  be  appar- 
ent to  at  least  one  other  man.  Nevertheless  the  safety  of  trains 
depends  on  each  signalman  doing  his  duty,  and  a  little  careless^ 
ness  or  forgetfulness  on  the  part  of  any  one  man  may  cause  an 
accident.    The  signaling  between  stations  may  be  done  by 
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ordinary  telegraphic  messages  or  by  telephone,  but  is  frequently 
done  by  dectric  bells,  according  to  a  code  of  signals,  since  then 
may  be  readily  learned  by  men  who  would  have  more  difiicfihy 
in  learning  the  Morse  code. 

In  order  to  have  the  signalmen  mutually  control  each  Otheti 
the  "controlled  manual"  system  has  been  devised.     The  fifst 
successful  system  of  this  kind  which  was  brought  into  exteo- 
sive  use  is  the  "Sykes"  system,  of  which  a  brief  doecripticii 
is  as  follows:   Each  signal  is  worked  by  a  lever;   the  lever  k 
locked  by  a  latch,  operated  by  an  electro-magnet,  which,  tnth 
other  necessar}*^  apparatus,  is  inclosed  in  a  box.    When  a  aignal 
is  set  at  danger,  the  latch  falls  and  locks  the  lever,  which  cumiiot 
be  again  set  free  imtil  the  electro-magnet  raises  the  lal<&   Tbt 
magnet  is  energized  only  by  a  current,  the  ciicuit  of  which  is 
closed  by  a  '^plunger''  at  the  next  station  ahead;    just  above 
the  plunger  is  an  "indicator,"  also  operated  by  the  ourrent, 
which  displays  the  words  clear  or  blocked,    (There  aie  Taria- 
tions  on  this  detail.)     When  a  train  arrives  at  a  Uock  statlofi 
(.4 ),  the  signalman  should  have  previously  signaled  to  the  staHoa 
ahead  {B)  for  pennission  to  free  the  signal.    The  man  ahead  (B) 
pushes  in  the  "plunger"  on  his  instrument  (assuming  that  the 
previous  train  has  already  passed  him),  which  electrically  opens 
the  lock  on  the  lever  at  the  previous  station  (A).    The  signal 
at  .1  can  then  be  set  at  "safety."    As  soon  as  the  trtii&  has 
passed  A  the  signal  at  A  must  be  set  at  "  danger."     A  faither 
development  is  a  device  by  which  the  mere  passage  of  the  train 
over  the  track  for  a  few  feet  beyond  the  ngnal  will  automati- 
cally throw  the  signal  to  "  danger."     After  the  signal  once  goes 
to  danger,  it  is  automatically  locked  and  cannot  be  fdeased 
except  by  the  man  in  advance  (5),  who  will  not  do  so  until  tfat 
train  has  passed  him.    The   "indicator"   on  B'b  instrutnent 
shows  "  blocked"  when  A's  signal  goes  to  danger  after  the  traia 
has  passed  A,  and  ^'s  plunger  is  then  locked,  so  that  he  caii^ 
not  release  A's  signal  while  a  train  is  in  the  block.    As  eoon  as 
the  train  has  passed  A,  B  should  prepare  to  get  his  signals  teady 
by  signaling  ahead  to  C,  so  that  if  the  block  between  B  and  C 
is  not  obstructed,  B  may  have  his  signals  at  "safety'^  so  that 
the  train  may  pass  B  without  pausing.    The  student  dioald 
note  the  great  advance  in  safety  made  by  the  Sykes  syetem; 
a  signal  cannot  be  set  free  except  by  the  oombined  action  of 
two  men,  one  the  man  who  actually  operates  the  signal  and 
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the  other  the  man  at  the  station  ahead,  who  frees  the  signal 
electrically  and  tvho  by  his  action  certifies  that  the  block  im- 
mediately ahead  of  the  train  is  clear. 

A  still  further  development  makes  the  system  still  more  "  auto- 
matic'* (as  described  later),  and  causes  the  signal  to  fall  to  dan- 
ger or  to  be  kept  locked  at  danger,  if  even  a  single  pair  of  wheels 
comes  on  the  rails  of  a  block,  or  if  a  switch  leading  from  a  main 
track  is  opened. 

388.  Permiftsive  blocking.  "Absolute"  blocking  renders  ac- 
cidents due  to  collisions  almost  impossible  unless  an  engineer 
runs  by  an  adverse  signal.  The  signal  mechanism  is  usually 
so  designed  that,  if  it  gets  out  of  order,  it  will  inevitably  fall  to 
"danger,"  i.e.,  as  described  later,  the  signal-board  is  counter- 
balanced by  a  weight  which  is  much  heavier.  If  the  wire  breaks, 
the  counterweight  will  fall  and  the  board  will  assume  the  hori- 
zontal position,  which  always  indicates  **  danger."*  But  it  some- 
times happens  that  when  a  train  arrives  at  a  signal-station,  the 
signalman  is  unable  to  set  the  signal  at  safety.  This  may  be 
because  the  previous  train  has  broken  down  somewhere  in  the 
next  block,  or  because  a  switch  has  been  left  open,  or  a  rail  has 
become  broken,  or  there  is  a  defect  of  some  kind  in  the  electrical 
connections.  In  such  cases,  in  order  to  avoid  an  indefinite 
blocking  of  the  whole  traffic  of  the  road,  the  signalman  may 
give  the  engineer  a  '* caution-card"  or  a  "clearance  card," 
w  hich  authorizes  him  to  proceed  slowly  and  with  his  train  under 
complete  control  into  the  block  and  through  it  if  possible.  If 
he  arrives  at  the  next  station  without  meeting  any  obstruction 
it  merely  indicates  a  defective  condition  of  the  mechanism, 
which  will,  of  course,  be  promptly  remedied.  Usually  the  next 
section  will  be  found  clear,  and  the  train  may  pro«eed  as  usual. 
On  roads  where  the  "controlled  manual"  system  tias  received 
its  highest  development,  the  rules  for  permissive  blocking  are 
so  rigid  that  there  is  but  little  danger  in  the  practice,  tmless 
there  is  an  absolute  disobedience  of  orders. 

389.  Automatic  systems.  By  the  very  nature  of  the  cas6, 
such  systems  can  only  be  used  to  indicate  to  the  engineers  of 
trains  something  with  reference   to   the  passage  of  previous 

*  This  was  written  on  the  basis  of  the  older  system,  in  which  the  sema- 
phore swings  through  the  lower  right-hand  quadrant.  The  most  recent 
practice  swings  the  BetDiH[>hore  through  the  upper  right-hand  quadraat. 
A  break  in  the  wire  holding  the  semaphore  vertical  will  oauw  H  to  f««U 

to  horizontal  position  without  the  aid  of  a  counterweight. 
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trains.  The  complicated  shifting  of  switches  and  signals  whidi 
is  required  in  the  operation  of  yards  and  terminals  can  only  be 
accomplished  by  '^  manual ''  methods,  and  the  only  automatic 
features  of  these  methods  consist  in  the  mechanical  checkB 
(electric  and  otherwise),  which  will  prevent  wrong  combinar 
tions  of  signals.  But  for  long  stretches  of  the  road,  where  it 
is  only  required  to  separate  trains  by  at  least  one  block  length| 
an  automatic  system  is  generally  considered  to  be  more  leliar 
ble.  As  expressed  forcibly  by  a  railroad  manager,  "an  auto- 
matic system  does  not  go  to  sleep,  get  drunk,  become  insane, 
or  tell  lies  when  there  is  any  trouble.''  The  same  cannot  always 
be  said  of  the  employes  of  the  manual  system. 

The  basic  idea  of  all  such  systems  is  that  when  a  train  paaseB 
a  signal-station  (A),  the  signal  automatically  assumes  the  "dsa- 
ger"  position.  This  may  be  accomplished  electrically,  pneu- 
matically, or  even  b}'  a  dh*ect  mechanism.  When  the  train 
reaches  the  end  of  the  block  at  B  and  passes  into  the  next  one, 
the  signal  at  B  will  be  set  at  danger  and  the  signal  at  A  will  be 
set  at  safety.  The  lengths  of  the  blocks  are  usually  so  great 
that  the  only  practicable  method  of  controlling  from  B  A 
mechanism  at  A  is  by  electricity,  although  the  actual  motive 
power  at  A  may  be  pneumatic  or  mechanical.  At  one  time 
the  current  from  A  to  ^  was  run  only  through  wires.  This 
method  has  the  very  positive  advantage  of  reliability,  definite 
resistance  to  the  current,  and  small  probability  of  short-cirouit- 
ing  or  other  derangement.  But  now  all  such  systems  use  the 
rails  for  a  track  circuit  and  this  makes  it  possible  to  detect  the 
presence  of  a  single  pair  of  wheels  on  the  track  anywhere  in  the 
block,  or  an  open  switch,  or  a  broken  rail.  Any  such  circum- 
stances, as  well  as  a  defect  in  the  mechanism',  will  break  or 
short-circuit  the  current  and  will  cause  the  signal  to  be  set  at 
danger.  To  prevent  an  indefinite  blocking  of  traffic  oiK'iiu;  to 
a  signal  persistently  indicating  danger,  most  roads  em^oyjng 
such  a  system  have  a  rule  substantially  as  follows:  When  a  train 
finds  a  signal  at  danger,  after  waiting  one  ndnute  (or  more, 
depending  on  the  rules),  it  may  proceed  slowly,  expecting  to 
find  an  obstruction  of  some  sort;  if  it  reaches  the  next  block 
without  finding  any  oljstruction  and  finds  the  next  signal  dear, 
it  may  proceed  as  usual,  but  must  promptly  report  the  case  to 
the  superintendent.  Further  details  regarding  these  miftthftdiP 
will  be  given  later.    See  §  394. 
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390.  '* Distant"  signals.  The  close  running  of  trains  that 
is  required  on  heavy-traflfic  roads,  especially  where  several 
branches  combine  to  enter  a  common  terminal,  necessitates  the 
Lise  of  very  short  blocks.  A  heavy  train  running  at  high  speed 
;an  hardly  make  a  "service"  stop  in  less  than  2000  feet,  while 
the  curves  of  a  road  (or  other  obstructions)  frequently  make 
it  difficult  to  locate  a  signal  s6  that  it  can  be  seen  more  than  a 
Few  hundred  feet  away.  It  would  therefore  be  impracticable 
to  maintain  the  speed  now  used  with  heavy  trains  if  the  engi- 
neer had  no  foreknowledge  of  the  condition  in  which  he  will 
find  a  signal  until  he  arrives  within  a  short  distance  of  it.  To 
overcome  this  difficulty  the  "distant"  signal  was  devised.  This 
is  placed  about  1800  or  2000  feet  from  the  "home"  signal,  and 
is  interlocked  with  it  so  that  it  gives  the  same  signal.  The  dis- 
tant signal  is  frequently  placed  on  the  same  pole  as  the  home 
signal  of  the  previous  block.  When  the  engineer  finds  the 
distant  signal  "clear,"  it  indicates  that  the  succeeding  home 
signal  is  also  clear,  and  that  he  may  proceed  at  full  speed  and 
not  expect  to  be  stopped  at  the  next  signal;  for  the  distant 
signal  cannot  be  cleared  until  the  succeeding  home  signal  is 
cleared,  which  cannot  be  done  until  the  block  succeeding  that 
is  clear.  A  clear  distant  signal  therefore  indicates  a  clear  track 
for  two  succeeding  blocks.  When  the  engineer  finds  the  distant 
signal  blocked,  he  need  not  stop  (providing  the  home  signal  is 
clear).  It  simply  indicates  that  he  must  be  prepared  to  stop 
at  the  next  home  signal  and  must  reduce  speed  if  necessan-. 
It  may  happen  that  by  the  time  he  reaches  the  succeeding  home 
signal  it  has  already  been  cleared,  and  he  may  proceed  without 
stopping.  This  device  facilitates  the  rapid  running  of  trains, 
ivith  no  loss  of  safety,  and  yet  with  but  a  moderate  addition  to 
the  signaling  plant. 

391.  "Advance**  signals.  It  sometimes  becomes  necessary 
jO  locate  a  signal  a  few  hundred  feet  short  of  a  regular  passen- 
rer-station.  A  train  might  be  halted  at  such  a  signal  because 
t  was  not  cleared  from  the  signal-station  ahead — perhaps  a 
nile  or  two  ahead.  For  convenience,  an  "advance"  signal 
nay  be  erected  immediately  beyond  the  passenger-station. 
The  train  will  then  be  permitted  to  enter  the  block  as  far  as 
:he  advance  signal  and  may  deliver  its  passengers  at  the  station. 
The  advance  signal  is  interlocked  with  the  home  signal  back 
yi  it,  and  cannot  be  cleared  until  the  home  signal  is  cleared  and 
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the  entire  block  ahead  is  clear.  In  one  sense  it  adcis  another 
block,  but  the  signal  is  entirely  controlled  from  the  signal  ataiioo 
back  of  it. 

MECfiANICAIi  DBTAILS. 

308.  Signals.  The  primitive  signal  is  a  mere  cloth  flag.  A 
better  signal  is  obtained  when  the  flag  is  suspended  in  a  suit- 
able place  from  a  fixed  horizontal  support,  the  flag  weighted 
at  the  bottom,  and  so  arranged  that  it  may  be  drawn  up  and 
out  of  sight  by  a  cord  which  is  run  back  to  the  operator's  office. 
The  next  step  is  the  substitution  of  painted  wood  or  sheet  metal 
for  the  cloth  flag,  and  from  this  it  is  but  a  step  to  the  standard 
semaphore  on  a  pole,  as  is  illustrated  in  Fig.  16S.  The  simple 
flag,  operated  for  convenience  with  a  cord,  is  the  signal  em- 
ployed on  thousands  of  miles  of  road,  where  they  pertiaps  make 
no  claim  to  a  block-signal  system,  and  where  the  trains  an  rui^ 
on  the  "  train-order  system.'' 

Semaphore  boards.  These  are  about  5  feet  long,  8  inches 
wide  at  one  end,  and  tapered  to  about  6  inches  wide  at  the  hinge 
end.  The  boards  are  fastened  to  a  casting  which  has  a  ring  to 
hold  a  red  glass  which  may  be  s^vomg  o^'cr  the  face  oi  a  lantern, 
so  as  to  indicate  a  red  signal.  '^ Distant"  signal4>oardB  usually 
have  their  ends  notched  or  pointed;  the  ''home"  signaMKMuds 
are  square  ended.  The  boards  are  always  to  the  right  of  the 
hinge  when  a  train  is  approaching  them.  The  "home"  ■ifl»>«l« 
are  generally  painted  red  and  the  "distant"  signals  green, 
although  these  colors  are  not  invariable.  The  baoks  of  the 
boards  are  painted  white.  Therefore  any  signal-board  iHiifffa 
appears  on  the  left  side  of  its  hinge  will  also  appear  tokiiB,  and 
is  a  signal  for  traffic  in  the  opposite  direction,  and  is  thorafoi) 
of  no  concern  to  an  engineman. 

Poles  and  bridges.  When  the  signals  are  set  on  polesj,  they 
are  always  placed  on  the  right-hand  side  of  the  track.  When 
there  are  several  tracks,  four  or  more,  a  bridge  is  frequently 
built  and  then  each  signal  is  over  its  own  track.  The  signals 
for  two  tracks,  operated  in  the  same  direction,  may  be  placed 
on  one  pole  by  having  a  cross-i)ieco  which  supports  two  "  masts," 
see  Fig.  108.  In  that  figure  the  signals  on  the  left-hand  mast 
control  the  second  track  at  the  left  of  the  signal;  those  on  the 
right-hand  mast  control  the  track  just  to  the  left  of  the  flignsL 
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A  train  movement,  from  the  switch  traok  at  the  right  of  the  sig- 
nal on  to  the  main  track,  is  controlled  by  the  "  dwarf  "  signal 
at  the  right  of  the  switch  track.  The  signals  controlling  the 
two  tracks  at  the  extreme  left  are  not  shown.  The  building  at 
the  left  of  the  track  in  the  extreme  background  is  apparently 
the  signal  tower  controlling  this  signal. 

In  Fig.  169  is  shown  a  '^  bridge  "  and  the  two  signals  (home 
and  distant),  for  each  track.  The  two  pairs  of  signals  on  the 
two  right-hand  poles  are  extended  to  the  right  and  show  that 
the  movement  of  trains  on  those  tracks  is  away  from  the  observel*. 
The  darkness  of  the  blades  in  the  picture  shows  that  they  are 
painted  dark,  probably  orange  or  red.  The  other  blades  show 
light  (because  painted  white),  and  extend  to  the  left  but  would 
appear  to  the  right  to  an  engineman  on  either  left-hand  track 
coming  toward  the  observer.  Incidentally  the  picture  shows, 
over  the  two  right-hand  tracks,  the  ropes  of  a  "  tickler  "  (see 
§  375),  to  protect  brakemen  on  the  tops  of  cars  which  will  enter 
the  tunnel  shown  in  the  background. 

**  Banjo  "  signals.  This  name  is  given  to  a  form  of  signal, 
illustrated  in  Fig.  170,  in  which  the  indication  is  taken  from  the 
color  of  a  round  disk  Inclosed  with  glafis^  The  great  aigumeni 
in  their  favor  is  that  they  may  be  worked  by  an  electric  cuhrent 
of  low  voltage,  which  is  therefore  easily  controlled  ^  that  the 
mechanism  is  entirely  inside  of  a  case,  is  therefobe  very  lights 
»nd  is  not  exposed  to  the  weather.  The  argument  urged  againiSi 
them  is  that  it  is  a  si^al  of  color  rather  than  form  or  position^ 
and  that  in  foggy  weather  the  signal  cannot  be  seen  so  easily; 
aLo  that  unsuspected  color-blindneas  on  the  part  of  the  engine^ 
man  may  lead  to  an  accident.  Notwithstanding  these  objection*)^ 
this  form  of  signal  is  used  on  thousands  of  miles  of  line  in  this 
country. 

393«  Wkes  and  pipest  Signals  are  usually  operated  by  levers 
in  a  signal-cabin,  the  levers  being  very  similar  to  the  reveming* 
lever  of  a  locomotive.  The  distance  from  the  levenj  to  the  sig* 
naLs  is,  of  course,  very  variable,  but  it  is  sometimes  2000  feet* 
The  connecting-link  for  the  most  distant  signals  is  usually 
No.  9  wire;  for  nearer  signals  and  for  all  switches  operated 
from  the  cabin  it  may  be  1-inch  pipe.  When  not  too  long,  one 
pipe  will  serve  for  both  motions,  forward  and  back*  When 
wiras  are  used,  it  is  sometimes  so  designed  (in  the  cheaper  sys- 
tems) that  one  wire  serves  for  one  motion,  gravity  being  de^ 
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pended  on  for  the  other,  but  now  all  good  systems  require  two 
wires  for  each  signal. 

Compensators.  Variations  of  temperature  of  a  material  with 
as  high  a  coefficient  as  iron  will  cause  very  appreciable  differ- 
ence of  length  in  a  distance  of  several  hundred  feet,  and  a 
dangerous  lack  of  adjustment  is  the  result.  To  illustrate:  A 
fall  of  60"^  F.  will  change  the  length  of  1000  feet  of  wire  by 

1000  X  60  X  .0000065 = 0.39  foot  -  4.68  inches. 

A  much  less  change  than  this  will  necessitate  a  readjustment 
of  length,  unless  automatic  compensators  are  used.  A  com- 
pensator for  pipes  is  very  readil}'  made  on  the  principle  illm- 
trated  in  Fig.  171.  The  problem  is  to  preserve  the  distance 
between  a  and  d  constant  regardless  of  the  temperature.  Place 
the  compensator  half-way  between  a  and  d,  or  so  that  ab^cd, 
A  fall  of  temperature  contracts  ab  to  ab\  Moving  h  to  1/  will 
cause  c  to  move  to  </,  in  which  hb'  '='cc^.  But  cd  has  also  short- 
ened to  </d;  therefore  d  remains  fixed  in  position* 

The  regulations  of  the  Am.  Rwy.  Eng.  Assoc,  require  that 
"A  compensator  shall  be  provided  for  each  pipe  line  over  fifty 
(50)  feet  in  length  and  under  eight  hundred  (800)  feet^  with 
crank-arms  eleven  by  thirteen  (11X13)  inch  centers.  From 
eight  hundred  (800)  to  twelve  hundred  (1200)  feet  in  length 
crank-arms  shall  be  eleven  by  sixteen  (11X16)  inch  oenten. 
Pipe  lines  over  twelve  hundred  (1200)  feet  in  length  shall  be 
provided  with  an  additional  compensator. 

"Compensators  shall  have  one  sixty  (60)  degree  and  one  one 
hundred  and  twenty  (120)  degree  angle-cranks  and  oonnecting 
link,  mounted  in  cast  iron  base,  having  top  of  oenter  pins  sup- 
ported. The  distance  between  oenter  of  pin-holes  shall  be 
twenty-two  (22)  inches." 

The  compensator  should  be  placed  in  the  middle  of  the  length 
when  only  one  is  used.  When  two  are  used  they  should  be 
placed  at  the  quarter  points.  Note  that  in  operating  throned 
a  compensator  the  directum  of  motion  changes;  i.e.y  if  a  mores 
to  the  right,  d  moves  to  the  left,  or  if  there  is  compressian  In  a& 
there  is  tension  in  cd,  and  vice  versa.  Therefore  this  fonn  of 
compensator  can  only  be  used  with  pipes  which  will  withstand 
compression.  It  has  seemed  impracticable  to  design  an  equsQy 
satisfactory  compensator  for  wires,  althougji  there  aie  sevsnl 
designs  on  the  market, 
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le  change  of  length  of  these  bars  is  so  great  that  allowance 
)  be  made  for  the  temperature  at  the  time  of  installation, 
he  basis  of  50°  as  the  mean  temperature,  the  pipes  are  so 
sted  that  the  distance  between  the  points  6  and  c  of  Fig.  171 
ade  greater  or  less  than  22  inches,  according  to  the  tem- 
ture  of  installation.  For  example,  if  the  temperature  were 
tnd  the  length  of  the  piping  were  900  feet,  the  length. of  the 
s  should  be  adjusted  so  that  be  is  less  than  22  inches  by  an 
mt    equal    to    900 X (80° ~ 50°) X. 0000065  =  0.1755    feet  = 


Pw.  171.— Standard  Pipe  Compbnbatob. 


inches.  The  length  should  therefore  be  19.9  inches  in- 
of  22  inches.  If  the  mean  temperature  was  very  different 
in  Florida)  some  higher  temperature  should  be  taken  as 
al,  so  that  the  extreme  range  above  and  below  the  normal 
be  approximately  the  same. 

des  around  curves  and  angles.  When  wires  are  required 
ss  around  curves  of  large  angle,  pulleys  are  used,  and  a 
1  of  chain  is  substituted  for  the  wire.  For  pipes,  when 
urve  is  easy  the  pipes  are  slightly  bent  and  are  guided 
gh  pulleys.  When  the  angle  is  sharper,  "angles"  are 
The  operation  of  these  details  is  self-evident  from  an 
^ion  of  Fig.  172. 
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394^  Track  circuit  for  automatic  Bigiuiliiig.    Tbe  fundAmeiital 

principle  of  the  track  circuit  method  of  indicating  a  timek  ofastnie- 
tion  or  breakage,  using  direct  current,  is  as  follows:  A  csurrent 
of  low  potential  is  run  from  a  battery  at  <Hifi  «nd  of  a  sectkm 
through  one  line  of  rails  to  the  other  end  of  the  section,  then 
through  a  relay,  and  then  back  to  the  battery  through  the  other 
line  of  rails.  To  avoid  the  excessive  resiatance  which  would 
occur  at  rail  joints  which  may  become  badly  rusted^  a  win 
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suitably  attached  to  the  rails  is  run  around  each  joint.  In 
order  to  insulate  the  rails  of  one  section  from  the  rails  at  either 
end  and  yet  maintain  the  rails  structurally  continuous,  the  ends 
of  the  rails  at  these  dividing  points  are  separated  by  an  insulator 
and  the  joint  pieces  are  either  made  of  Wood  or  have  some 
insulating  material  placed  l)etween  the  rails  and  the  ordinary 
metal  joint.  The  bolts  must  also  be  insulated.  When  the 
relay  is  energized  by  a  current,  it  closes  a  local  circuit  at  the 
signal-station,  which  will  set  the  sigxial  there  at  "  safety."  The 
resiistance  of  the  relay  is  such  that  it  requires  nearly  the  ^diole 
current  to  work  it  and  to  keep  the  local  circuit  closed.  There- 
fore, when  there  Is  any  considerable  loss  of  eiiRent  from  one 
rail  to  the  other,  the  relay  will  not  be  sufficiently  energiied^  the 
local  circuit  will  be  broken,  and  the  signal  will  automatiically 
fall  to  danger.  This  diversion  of  current  from  one  rail  to  the 
other  before  the  current  reaches  the  relay  mi^  be  caused  in 
several  ways:  the  presence  of  a  pair  of  wheels  on  the  rajjs  any- 
where in  the  section  will  do  it;  also  the  breakage  of  a  tall;  ako 
the  opening  of  a  switch  anywhere  in  the  section;  also  tfie  ppes- 
ence  of  a  pair  of  wheels  on  a  siding  between  the  "  fouling  point " 
and  the  switch.  (The  ''  fouling  point ''  of  a  siding  is  that  poinfe 
where  the  rails  first  oonunenoe  to  approach  the  main  track.) 
In  Fig.  173  is  shown  all  of  the  above  details  as  well  as  some  othenk 
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At  A,  B,  and  the  "  fouling  point  "  are  shown  the  insulated  joints. 

The  batteries  and  signala  are  arranged 

for  train  motion  tfl  the  right.    When  1 1 

a  train  haa  psssed  the  points  near  A, 

where  the  wires  leave  the  raits  for  the 

relay,  the  current  from  the  "  track 

battery  "  at  B  will  pass  through  the 

wheels  and  axles,   and   although   no 

electrical    connection    is     broken,    so 

much  current  wiU  be  shunted  throuf^h 

the  wheels  and  axles  that  the   weak 

current  still  passing  through  the  relay 

is   not   strong   enough   t^   energize   it 

against   ita   spring   and   the    "  signai- 

magnet "   circuit   is   broken,   and   the 

signal  A   goes  to   "  danger."     At  the 

turnout  the  rails  between  the  fouling 

point  and  the  switch  are  so  connected 

(and  insulated)  that  a  pair  of  wheels 

on  these  rails  will  produce  the  same 

effect  as  a  pair  of  the  main  track.  This 

is  to  guard  against  the  effect  of  a  car 

standing  too  near  the  switch,  even 

though  it  is  not  on  the  main  track. 

When  the  train  pa;3ses  B,  if  there  is 

no  other  interruption  of  the  current, 

the  track  battery  at  B  again  energizes 

the    relay   at  A,    the    signal-magnet 

circuit  at  il  is  closed,  and  the  signal 

is  drawn  ta  "safety." 

About  1903  the  application  of  alUr- 
noting  aarmt  to  signalmg  circuits  was 
invented.  This  not  only  permits  the 
substitution  of  a.  c.  circuit  for  track 
batteries,  but  also  makes  it  possible  to 
utilize  the  track  circuit  method  to  in- 
dicate obstructions  or  rail  breakages 
even  when  the  track  is  the  return  cir- 
cuit for  an  electrified  road.  But  an 
explanation  of  this  development  would 
be  too  long  for  this  text-book.     It  is  Tia.  its. 
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given  in  a  548-page  book  called  "Alternating  Current  Signaling," 
published  by  the  Union  Switch  &  Signal  Co.,  Swissvale,  Pa. 

This  chapter  also  omits  all  references  to  ''  interlocking  plants," 
which  are  essential  features  of  the  operation  of  large  tenninal 
yards.  Even  an  elementary  treatment  of  the  present  develop- 
ment of  signaling  and  interlocking  would  require  a  large  text- 
book, and,  therefore,  nothing  more  than  the  above  brief  outline 
will  be  here  given. 


CHAPTER  XV. 


ROLLING-STOCK. 


(It  is  perhaps  needless  to  say  that  the  following  chapter  is 
in  no  sense  a  course  in  the  design  of  locomotives  and  cars.  Its 
chief  idea  is  to  give  the  student  the  elements  of  the  construc- 
tion of  those  vehiples  which  are  to  use  the  track  which  he  may 
design — to  point  out  the  mutual  actions  and  reactions  of  vehicle 
against  track  and  to  show  the  effect  on  track  wear  of  varia- 
tions in  the  design  of  rolling-stock.  The  most  of  the  matter 
given  has  a  direct  practical  bearing  on  track-work,  and  it  is  con- 
sidered that  .all  of  it  is  so  closely  related  to  his  work  that  the 
civil  engineer  may  study  it  with  profit.  For  "  Stresses  in  Track," 
see  Chap.  XXV.) 

WHEELS  AND   RAILS. 

395.  EfiFect  of  rigidly  attaching  wheels  to  their  axles.  The 
wheels  of  railroad  rolling-stock  are  invariably  secured  rigidly 
to  the  axles,  which  therefore  revolve  with  the  wheels.  The 
chief  reason  for  this  is  to  avoid  excessive  wear 
between  the  axles  and  the  wheels. 

Any  axle  must  always  be  somewhat  loose  in 
its  joumaLs.  A  sidewise  force  P  (see  Fig.  174) 
acting  against  the  circumference  of  the  wheel 
will  produce  a  much  greater  pressure  on  the 
axle  at  S  and  S',  and  if  the  wheel  moves  on 
the  axle,  the  wear  at  S  and  S'  will  b6  exces- 
sive. But  when  the  axle  is  fitted  to  the  wheel 
with  a  "forced  fit"  and  does  not  revolve, 
the  mere  pressure  produced  at  S  is  harmless. 
When  two  wheels  are  fitted  tight  to  an  axle, 
as  in  Fig.  175,  and  the  axle  revolves  in  the  jour- 
nals aa,  a  sidewise  pressure  of  the  rail  against  the  wheel  flange 
vnU  only  produce  a  slight  and  harmless  increase  of  the  journal 
pressure  Q,  although  at  Q  there  is    sliding    contact.     Twist- 
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ing  action  in  the  journals  is  thus  practically  avoided,  mnoe  • 
small  pressure  at  the  journal-boxes  at  each  end  of  the  azk 
suffices  to  keep  the  axle  truly  in  line. 


ffl 
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On  the  other  hand,  when  the  wheels  are  rigidly  attached  to 
their  axles,  both  wheels  must  turn  together,  and  when  rounding 
curves,  the  inner  rail  being  shorter  than  the  outer  rail,  ons 
wheel  must  slip  by  an  amount  equal  to  that  difference  of  length. 
The  amount  of  this  slip  is  readily  computable: 


Longitudinal  slip 


2ng 

"seo** 


o 


Co* 


(100 


in  w^hich  C  is  a  constant  for  any  one  gauge,  and  g^  the  tiaek 
^auge=>(rs— ri).  For  standard  gauge  (4.708)  the  ciip  k  .06218 
foot  per  degree  of  central  angle.  This  shows  that  the  longitii- 
dinal  slipping  around  any  curve  of  any  given  central  an^  will 
be  independejii  of  the  degree  of  the  curve.  The  constant  (.08218) 
here  given  is  really  somewhat  too  small,  since  the  true  gauge 
that  should  be  considered  is  the  distance  between  the  linoa  of 
tread  on  the  rails.  This  distance  is  a  somewhat  indetenninate 
and  variable  quantity,  and  probably  averages  4.00  feet,  which 
would  increase  the  constant  to  .086.  The  slipping  may  occur 
by  the  inner  wheel  slipping  ahead  or  the  outer  wheel  sUpping 
backy  or  by  both  wheels  slipping.  The  total  slippiiig  will  ba 
constant  in  any  case.  The  slipping  not  only  consumea  powv, 
but  wears  both  the  wheels  and  the  rail.  But  even  these  dSs* 
advantages  are  not  sufficient  to  offset  the  advantages  zeeultiDg 
from  rigid  wheels  and  axles. 

396.  Effect  of  paraUel  axles.  Trucks  are  made  with  two  cv 
three  parallel  axles  (except  as  noted  later),  in  order  thai  thv 
axles  shall  mutually  guide  each  other  and  be  kept  approxiinately 
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perpendicular'  to  the  rails.  If  the  curvature  is  very  sharp  and 
the  wheel-base  comparatively  long  (as  is  notably  the  case  for 
four-wheeled  street  cars  passing  around  street  corners))  the  front 


CASE  2 
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and  rear  wheels  will  stand  at  the  same  angle  (a)  with  the  track, 
as  shown  in  Fig.  177,  which  also  applies  to  easy  curvature  when- 
ever the  rear  outer  wheel«flange  is  forced  against  the  rail,  which 
is  claimed  by  some  to  be  the  normal  position.  Others  claim 
that  for  ordinary  curvature  the  rear  axle  will  take  a  position 
normal  to  the  curve,  as  shown  in  Fig.  l78*  But  it  is  certain  that 
track  irregularities  cause  the  rear  wheels  to  Sway  within  the  limits 
of  the  play  of  the  gauge  and  that  the  angle  a  varies.  For  Case 
1,  sin  a=/-^2r;  for  Case  2>  sin  a«i-^r. 

When  the  two  parallel  axles  are  on  a  curve  (as  shown),  the 
wheels  tend  to  run  in  a  straight  line.  In  order  that  they  shall 
run  on  a  curve  they  must  slip  laterally.  The  principle  is  illus- 
trated in  an  exaggerated  form  in  Fig.  179.  The  Wheel  imdB  to 
roll  from  a  toward  h.  Therefore  in  passing  along  the  track  from 
a  to  c  it  mUst  actually  slip  laterally  an  amount  he  which  equals 
ojc  sin  o*  The  lateral  slipping  yet  unit  of  distance  traveled  there- 
fore equals  sin  a.  For  Case  Ij  both  front  wheels  slip  laterally 
toward  the  curve  center,  and  both  rear  wheels  slip  laterally 
away  from  the  center.  For  Case  2,  both  front  wheels  slip  lat- 
erally toward  the  center,  but  the  slip  per  unit  of  forward  dis- 
tance is  only  One^alf  that  of  Case  1,  while  the  rear  axle,  being 
radial  does  not  slip  laterally  at  all.  Neither  Case  1  nor  Case  2 
(nor  any  other  combination)  is  constantly  applicable^ 

From  the  above  it  might  be  inferred  that  the  flanges  of  the 
forward  wheels  will  have  much  greater  wear  than  those  of  the 
rear  wheels.  Since  oars  are  drawn  in  both  directions  about 
equally,  no  difference  in  flange  wear  due  to  this  cause  will  occur, 
but  loconootivee.  (except  switching-engines)  run  forward  almost 
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exclusively,  and  the  excess  wear  of  the  front  wheels  of  the  pilot- 
and  tender-trucks  is  plainly  observable. 

For  a  given  curve  the  angle  a  (and  the  accompanying  resist- 
ance) is  evidently  greater  the  greater  the  distance  between 
the  axles.  On  the  other  hand,  if  the  two  axles  are  very  close 
together,  there  will  be  a  tendency  for  the  truck  to  twist  and 
the  wheels  to  become  jammed,  especially  if  there  is  considei^ 
able  play  in  the  gauge.  The  flange  friction  would  be  greater 
and  would  perhaps  exceed  the  saving  in  lateral  sUpping.  A 
general  rule  is  that  the  axles  should  never  be  closer  together 
than  the  gauge  ,*  usually  it  is  considerably  more. 

Although  the  slipping  x)er  unit  of  length  along  the  curve  varies 
directly  as  the  degree  of  curvature,  the  length  of  curve  necessary 
to  pass  between  two  tangents  is  inversely  as  the  degree  of  curve, 
and  the  total  slipping  between  the  two  tangents  is  independent 
of  the  degree  of  curve.    Therefore  when  a  train  passes  between 

two  tangents,  the  total  slipping 
of  the  wheels  on  the  rails,  lon- 
gitudinal and  lateral,  is  a  quantity 

— l-6"[f^ — I H-y  I —    which  depends  only  on  the  centnl 

il  JiJ        angle  and  is  independent  of  the 

..  JjlJ: _!jL„.     radius  or  degree  of  curve. 

397.  Effect  of  coning  wheeb. 
The  wheels  are  always  set  on  the 
axle  so  that  there  is  some  "fAxy" 
or  chance  for  lateral  motion  be- 
tween the  wheel-flanges  and  the 
rail.  The  treads  of  the  wheel  an 
also  "coned."  This  coning  and  play 
of  gauge  are  shown  in  an  exagger- 
atcd  form  in  Fig.  180.  When  the 
wheels  are  on  a  tangent,  although  there  will  be  occasional  oscil- 
lations from  side  to  side,  the  nonnal  position  will  be  the  nym- 
metrical  position  in  which  the  circles  of  tread  hb  are  eqpiaL 
When  centrifugal  force  throws  the  wheel-flange  against  the  nSif 
the  circle  of  tread  a  is  larger  than  6,  and  much  laiger  than  c; 
therefore  the  wheels  will  tend  to  roll  in  a  circle  whose  radius 
equals  the  slant  height  of  a  cone  whose  elements  would  pan 
through  the  unequal  circles  a  and  c.  If  this  radius  equaled  the 
radius  of  the  track,  and  if  the  axle  were  free  to  assume  a  radial 
position,  the  wheels  would  roll  freely  on  the  rails  without  any 
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slipping  or  flange  pressure.  Under  such  ideal  conditions, 
coning  would  be  a  valuable  device,  but  it  is  impracticable  to 
have  all  axles  radial,  and  the  radius  of  curvature  of  the  track 
is  an  extremely  variable  quantity.  It  has  been  demonstrated 
that  with  parallel  axles  the  influence  of  coning  diminishes  as 
the  distance  between  the  axle  increases,  and  that  the  effect  is 
practically  inap>preciable  when  the  axles  are  spaced  as  they  afe 
on  locomotives  and  car-trucks.  The  coning  actually  used  is 
very  slight  (see  Chapter  XV,  §  420)  and  has  a  different  object. 
It  is  so  slight  that  even  if  the  axles  were  radial  it  would  only 
prevent  the  slipping  on  a  very  light  curve — say  a  1°  curve. 

398.  Effect  of  flanging  locomotive  driving-wheels.  If  all  the 
wheels  of  all  locomotives*  were  flanged  it  would  be  practically 
impossible  to  run  some  of  the  longer  types  around  sharp  curves. 
The  track-gauge  is  always  widened  on  curves,  and  especially 
on  sharp  ciu'ves,  but  the  widening  would  need  to  be  excessive 
to  permit  a  consolidation  locomotive  to  pass  around  an  8°  or 
10°  curve  if  all  the  drivers  were  flanged.  The  action  of  the 
wheels  on  a  curve  is  illustrated  in  Figs.  IvSl,  182,  and  184.  All 
small  truck-wheels  are  flanged.  The  rear  drivers  are  always 
flanged  and  four-driver  engines  usually  have  all  the  drivers 
flanged.  Consolidation  engines  have  only  the  front  and  rear 
drivers  flanged.  Mogul  and  ten-wheel  engines  have  one  pair 
of  drivers  blank.  On  Mogul  engines  it  is  always  the  middle 
pair.  On  ten-wheel  engines,  when  used  on  a  road  ha\'ing  sharp 
curves,  it  is  preferable  to  flange  the  front  and  rear  driving- 
wheels  and  use  a  "swing  bolster"  (see  §  399);  when  the  curva- 
ture is  ea.sy,  the  middle  and  rear  drivers  may  be  flanged  and 
the  truck  made  with  a  rigid  center.  The  blank  drivers  have 
the  same  total  width  as  the  other  drivers  and  of  course  a  much 
wider  tread,  which  enables  these  drivers  to  remain  on  the  rail, 
even  though  the  curvature  is  so  sharp  that  the  tread  overhangs 
the  rail  considerably. 

399.  Action  of  a  locomotive  pilot- truck.  The  purpose  of 
the  pilot-truck  is  to  guide  the  front  end  of  a  locomotive  around 
a  curve  and  to  relieve  the  otherwise  excessive  flange  pressure 
that  would  be  exerted  against  the  driver-flanges.  There  are 
two  classes  of  pilot-trucks — (a)  those  having  fixed  centers  and 
(6)  those  haying  shifting  centers.  This  second  class  is  again 
subdivided  into  two  classes,  which  are  radically  different  in 
their  action — (61)  four-wheeled  trucks  having  two  parallel  axles 
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and  (6,)  two-wheeled  trucks  which  are  guided  by  a  "radius- 
bar."  The  action  of  the  four-wheeled  fixed-centered  truck  (a) 
is  shown  in  Fig.  181.    Since  the  center  of  the  truck  is  fonsed 


Fig.  181. — Fi^ed  Ccntbb  Pii/)iyFBUCB:. 

to  be  in  the  center  of  the  track,  the  front  driven  are  drawn 
away  from  the  outer  rail.  The  rear  out-er  driver  tends  to  roU 
^way  from  the  outer  rail  rather  than  toward  it,  and  so  thft  effect 

I  I  I 


Fig.  182. — Four-wheeled  Truck — Smmifo  Ciima. 


of  the  truck  is  to  relieve  the  driver-flanges  of  any 
pressure  due  to  curvature.  The  only  exception  to  this  is  the 
case  where  the  curvature  is  sharp.  Then  the  front  inner  driver 
may  be  pressed  against  the  inner  rail,  as  indicated  in  Fig.  181. 

This  limits  the  use  of  this  type  of 
wheel-base  on  the  sharper  curves. 
The  next  type— (fcj  four-wheeled 
trucks  with  shifting  centers — is 
much  more  flexible  on  shiup 
curvature;  it  likewise  draws  the 
front  drivers  awfty  from  the  outer 
rail.  The  relative  position  of  the 
wheels  is  shown  in  Fig.  182,  in 
which  cf  represents  the  positioa 
of  center-pin  and  e  the  displaced ' 
truck  center.  The  structure  and 
action  of  the  truck  is  shown  in 
Fig.  183.  The  "center-pin"  (1)  is 
supported  on  tlie  "truck-bolster"  (2),  which  is  hung  by  the 
"links"  (4)  from  the  "cross-ties"  (3).    The  links  are  therefoie 


f  lo.  183. — Action  op  Shiptino 
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in  tension  and  when  the  wheels  are  forced  to  one  Me  by  the 
rails  the  links  are  inclined  apd  the  front  of  the  engine  is 
drawn  inward  by  a  force  equal  to  the  weight  on  the  bolster 
times  the  tangent  of  the  angle  of  inclination  of  the  links.  This 
assumes  that  all  links  are  vertical  when  the  truck  is  in  the 
center.  Frequently  the  opposite  links  are  normally  inclined  to 
each  other,  which  somewhat  complicates  the  above  simple  relaticm 
of  the  forces,  although  the  general  principle  remains  ikientical. 

The  two-wheeled   pilot-truck  with  shifting  center  is  illus- 
trated in  Fig.  184.    The  figure  shows  the  facility  with  which 
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Fig.  184. — Two-WHSiajBD  Thuck — SHimNa  Center. 


Fio.  185. — Action  of  Two- 

WHEElrED   TrVCK. 


an  engine  with  long  wheel-base  may  be  made  to  pass  around 
a  comparatively  sharp  curve  by  omitting  the  flanges  from  the 
middle  drivevs  and  using  this  form  of  pilot-truck.  As  in  the 
previous  case,  the  eccentricity  of 
the  center  of  the  truck  relative 
to  the  center-pin  induces  a  cen- 
tripetal force  which  draws  the 
front  of  the  engine  inward.  But 
the  swing- truck  is  not  the  only 
source  of  such  a  force.  If  the 
"radius-bar  pin'' were  placed  at  0'  (see  Fig.  185),  the  tniok- 
axle  would  be  radial.  But  the  radius-bar  is  always  made  some- 
what shorter  than  this,  and  the  pin  is  placed  at  0,  a  considerable 
distance  ahead  of  O',  thus  creating  a  tendency  for  the  truck 
to  run  toward  the  inner  rail  and  draw  the  front  of  the  loco- 
motive in  that  direction.  This  tendency  will  be  objectionably 
great  if  the  radius-bar  is  made  too  short,  as  has  been  practically 
demonstrated  in  cases  when  the  radius-bar  has  been  subse- 
quently lengthened  with  a  resulting  improvement  in  the  running 
of  the  engine.  This  type  of  pilot  truck  is  used  on  both  Mogul 
and  Consolidation  locomotives  and  explains  why  these  long 
engines  can  so  easily  operate  on  sharp  curves, 
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400.  Types  of  locomotive  wheel-bases.  The  variatuHis  in 
locomotive  service  have  developed  all  conceivable  types  as  to 
total  weight,  ratio  of  total  weight  to  weight  on  drivers,  types  of 
running  gear,  relation  of  steaming  capacity  to  tractive  power, 
etc.  The  method  of  classification  on  the  basis  of  the  running 
gear  is  very  simple.  The  number  of  wheels  on  both  rails  of  the 
pilot  truck,  if  any,  is  placed  as  the  first  of  three  mimbers.  If 
there  is  no  pilot  truck,  the  character  0  is  used.  This  is  followed 
by  the  number  of  drivers  and  then  by  the  number  of  trailing 
wheels,  if  any.  For  example,  a  Pacific  type  engine  has  four 
wheels  on  the  pilot  truck,  six  driving  wheels,  and  two  trailing 
wheels  under  the  rear  of  the  boiler.  The  wheel-base  is  symbolised 
as  4-6-2.  The  most  common  types  of  locomotives,  with  their 
popular  names  and  wheel  base  sjrmbols,  are 


American 4-4-0 

Columbia 2-4-2 

Atlantic 4-4-2 

Mogul 2-6-0 

Prairie 2-6-2 

Ten-wheel 4-6-0 

Pacific 4-6-2 

Six-wheel  switcher 0-6-0 


Consolidation 

Mikado 

.  •  •             9  0  V 

a-8-2 

Mastodon 

Santa  Fe 

a-10-3 

Mallet A-B-B-A 

A  =  truck  wheels,  iiauaUy        2  or  0 
B  a  drivers,  vsryixis  from  4  to  10 


The  "  Mallet "  type  of  locomotive  is  one  which  combines 
sufficient  flexibility  to  operate  on  ordinary  railroad  cunnes,  wfaed 
loads  on  the  drivers  which  are  not  excessive,  a  very  great  increBse 
in  the  total  tractive  power  and  yet  operated  by  one  enginenuuL 
In  one  respect  it  is  like  coupling  two  or  three  locomotives  togethefi 
but  the  saving  consists  in  reducing  the  number  of  enginemen 
and  firemen  which  would  be  needed  to  run  the  two  or  three 
locomotives.  Excluding  freak  variations,  they  are  usually 
"  four-cylinder  compounds/'  one  pair  of  cylinderB  dischaiging 
into  the  other  pair  and  then  exhausting.  This  type  has  from 
Ave  to  ten  driving  axles  and  has  a  length  of  engine  wheel4Ni8e 
up  to  al)out  60  ft.y  but  this  wheel-base  is  flexible,  so  that  it  will 
bend  on  a  curved  track.  Sometimes  the  boiler  is  made  flexible 
by  having  a  set  of  accordion-shaped  steel  rings  forming  a  joint 
in  the  boiler  shell.  The  boiler  itself  is  on  one  side  of  this  flexible 
joint  and  the  feed-water  heater,  the  reheater,  and  perhaps  the 
superheater  are  on  the  other  side  of  the  joint.  In  this  case  each 
half  of  the  flexible  boiler  is  carried  on  a  frame  supported  by  one 
of  the  sets  of  drivmg  wheels,  the  two  frames  l)emg  connected  by  a 
suitable  joint.  The  l>oilcr  shell  is  made  ngid;  one  end  is  rigidly 
attached  to  the  frame  carrying  the  high-pressure  cylinders  and 
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the  other  end  is  supported  on  a  bearing  on  the  truck  frame  which 
carries  the  low-pressure  cyHnders  and  the  drivers  operated  by 
them.  The  low-pressure  truck  frame  swings  around  a  pivot  in 
the  fixed  frame.  This  flexibility  has  been  made  so  great  that 
these  locomotives  are  operated  successfully  on  20°  curves.  The 
Baldwin  Locomotive  Works  have  developed  this  type  still 
further  by  building  a  locomotive  for  the  Erie  R.  R.  which  has 
three  wheel  frames,  mutually  flexible  with  each  other.,  the  third 
frame  being  under  the  tender.  Each  wheel  frame  has  eight 
driving  wheels.  The  total  load  carried  by  the  twenty-four 
drivers  is  761,600  lbs.  or  an  average  of  31,733  lbs.  per  driver. 
There  are  six  cylinders  of  equal  size.  The  two  cylinders  on  the 
center  frame  use  high-pressure  steam  and  exhaust  into  the  other 
four  cylinders.  The  total  weight  of  locomotive  and  tender  is 
853,050  lbs.  On  a  test  trip  it  pulled  a  train  with  a  total  length 
of  8547  ft.  or  1.6  miles,  the  total  weight  of  the  train  being  18,338 
tons.  The  maximum  draw-bar  pull,  registered  by  the  dyna- 
mometer car,  was  130,000  lbs.  The  adhesion  between  the 
drivers  and  the  rails  must  have  been  considerably  more.  Such 
engines  are  chiefly  used  for  hauling  long  trains  of  slow-speed 
freight.  Their  boilers  cannot  produce  steam  fast  enough  to 
develop  their  enormous  tractive  power  at  high  speeds  and  the 
power  falls  off  rapidly  with  increase  in  speed.  They  are  fre- 
qu^itly  equipped  with  automatic  stokers  for  burning  coal,  or 
with  oil-burning  outfits,  since  the  great  amount  of  power  devel- 
oped can  only  be  produced  by  the  consumption  of  a  corresponding 
amount  of  fuel,  and  a  fireman  would  be  physically  incapable  of 
shoveling  coal  as  rapidly  as  the  production  of  such  an  amount  of 
power  would  demand. 

LOCOMOTIVES. 
OEXF.RAL   STRUCTURE. 

401.  Frame.  The  frame  or  .skeleton  of  a  locomotive  con- 
sists chiefly  of  a  collection  of  forged  wrought-iron  bars,  aa 
showTi  in  Figs.  186  and  187.    These  bars  are  connected  at  the 
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Fig.  186. — Engine-frame. 
front  end  by  the  "bumper"  (c),  which  is  usually  made  of  wood. 
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A  little  further  back  they  are  rigidly  connected'  at  Ih  by  the 
cylinders  and  boQernsaddle.  The  boilers  rent  on  the  frainei 
at  aoxm  by  means  of  "  pads,"  which  are  bolted  to  the  fire4xix, 
but  which  permit  a  free  expansion  of  the  boiler  along  the  frame. 
This  expansion  is  sometimes  as  much  as  ^V'*  ^^  *  "con- 
solidation" engine  (frame  shown  in  Fig.  187)  it  is  frequently 
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Fig.  187. — Enqink-frame — Consoudatiok  Ttfb. 

necessary  to  use  vertical  swing-levers  about  12"  long  instead 
of  "pads."  The  swinging  of  the  levers  permit  all  necessary 
expansion.  At  the  back  the  frames  are  rigidly  connected  by 
the  iron  "foot-plate."  The  driving-axles  pass  through  the 
"jaws"  MM^  which  hold  the  axle-boxes.  The  frame4)an 
have  a  width  (in  plan)  of  3"  to  4".  The  depth  (at  a)  is  about 
the  same.  Fig.  186  shows  a  frame  for  an  "American"  tj^pe 
of  locomotive;  Fig.  187  shows  a  frame  for  a  "  GdnsolidBtioiL" 
type  (see  §400). 

402.  Boiler.  A  boiler  is  a  mechanism  for  transferring  the 
latent  hoat  of  fuel  to  wat^r,  so  that  the  water  is  transformed 
from  cold  water  into  high-pressure  steam,  which  hy  its  expan- 
sion will  perform  Work.  The  efficiency  of  the  boiler  dc^pendi 
largely  on  its  ability  to  do  its  work  rapidly  and  to  reduce  to 
a  minimum  the  waste  of  hoat  through  radiation.  The  boiler 
contains  a  fire-box  (see  Fig.  188),  in  which  the  fuel  is  burned. 
The  gases  of  consumption  pass  from  the  fire-box  through  the 
numerous  boiler-tubes  into  the  "smoke-box"  5  and  out  through 
the  smoke-stack.  The  fire-box  consists  of  an  inner  and  outer 
shell  separated  by  a  layer  of  water  3"  to  6"  thick.  The  ex- 
posure of  water-surface  to  the  influence  of  the  fire  is  thus  very 
coniplotc.  The  efficiency  of  this  transferal  of  heat  is  Bome\i*hat 
indicated  by  the  fact  that,  although  the  temperature  of  the 
gases  in  the  fire-box  is  probably  from  3000**  to  4000*  F.,  the 
temperature  in  the  smoke-box  is  generally  reduced  to  600®  to 
600°  F.  If  the  steam  pressure  is  180  lbs.,  the  temperature  of 
the  water  is  about  380°  F.,  and,  considering  that  heat  will  not 
pa!<s  from  the  gas  to  the  water  unless  the  gas  is  hotter  than  the 
water,  the  water  evidently  absorbs  a  lai^  part  of  the  the(H 
retical   maximum.     Nevertheless   gases   at   a   temperature  of 
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600**  F.  pas8  out  of  the  smoke-stack  and  such  heat  is  utterly 
wasted. 

The  tubes  vary  from  If"  to  2",  inside  diameter,  with  a  thick- 
ness of  about  O'MO  to  0'M2.     The  aggregate  cross-sectional 
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area  of  tlie  tubes  should  be  about  one-eighth  of  the  grate  area. 
The  number  will  vary  from  140  to  375.  The  length  varies  from 
ir  to  21',  but  the  length  is  virtually  determined  by  the  type  and 
length  of  engine. 

403.  Fire-box.    The  fire-box  is  surrounded  by  water  on  the 
four  sides  and  the  top,  but  since  the  water  is  subjected  to  the 


Fig.  189. 


Fig.  190. 


boiler  pressure,  the  plates,  which  are  A"  to  f "  thick,  must  be 
stayed  to  prevent  the  fire-box  from  collapsing.  This  is  easily 
accomplished  over  the  larger  part  of  the  fire-box  surface  by 
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having  the  ontnida  Ijoiler-pktes  piiraliol  to  the  RrcJiox  \i\atm 
and  separated  from  them  hy  ii  space  of  3"  to  G".     The  plutes 


an-  lh.'n  nintimlly  Ix-hl  l>j-  "«hiy-l>.ilt.s."  Sw  Fig.  189,  Tbiws 
an-  ,il....it  I"  iti  ■JiMKiHiT  iiikI  sjkiwiI  1"  to  1}".  The  A"  IkjIc. 
drillcil  ll"di.'.[),  iiiUi<ai.a  in  the  liguif,  will  allow  Ihe  cwuim? 


§  403.  RoiLiNa-STOCK.  437 

of  steam  if  the  bolt  breaks  just  behind  the  plate,  and  thus  calls 
attention  to  the  break.  The  stay-bolts  are  turned  down  to  a 
diameter  equal  to  that  at  the  root  of  the  screw-threads.  This 
method  of  supporting  the  fire-box  sheets  is  used  for  the  two 
sides,  the  entire  rear,  and  for  the  front  of  the  flre-box  up  to  the 
boiler-barrel.  The  "furnace  tubo-sheet" — the  upper  part  of 
the  front  of  the  fire-box — is  stayed  by  the  tubes.  But  the  top 
of  the  fire-box  is  troublesome.  It  must  always  be  covered 
with  water  so  that  it  will  not  be  "burned"  by  the  intense  heat. 
It  must  therefore  be  nearly,  if  not  quite,  flat.  There  are  three 
general  methods  of  accomplishing  this. 


(a)  Radial  stays.  This  construction  is  indicated  in  Fig.  1!M. 
Incidentally  there  is  also  shown  the  diagonal  braces  for  resist- 
ing the  pressure  on  the  back  end  of  the  boiler  above  the  fire- 
box. It  may  be  seen  tliat  the  stays  are  not  j>erpendieu!ar  to 
either  the  crown-sheet  or  the  boiler-plate.  This  is  objection- 
able and  is  obviated  by  the  other  methods. 

(b)  Crown-bars.  These  bars  are  in  pairs,  rest  on  the  side 
furnace-plates,  and  are  further  supported  by  stays.  See  Kig, 
191. 

(c)  Belpaire  fire-box.  The  hoibr  above  the  fire-box  is  reet-. 
angular,  with  rounded  comers,  '['he  stays  therefore  arc  per- 
pendicular to  the  plates.    See  Fig.  192. 

Fire-brick  arches.  The^e  are  used,  as  shown  in  Fig.  193,  to 
force  all  the  gases  to  circulate  through  the  upper  part  of  the  fire- 
box. Perfect  combustion  requires  thatallthecarbonshall  be  turned 
iutocarboiidioxide,andthis  is  facilitated  by  the  forced  circulation. 
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Water-tables.  The  aame  object  is  attained  by  using^  a  water- 
table  instead  of  a  brick  arch — as  shown  in  Fig.  191.  But  it  has 
the  further  advantages  of  giving  additional  heating-^surface  and 
avoiding  tlie  continual  expense  of  maintaining  the  bricks.  One 
feature  of  the  design  i.i  the  use  c^  a  number  of  steam-jets  whiefa 
force  air  into  the  fire-box  and  assist  the  combustion. 


JurrnuwcofTuiU 


Fig.  193L— •^'n»-BRicK  Arch. 


Pio.  194. — ^WobTTEN  FhlX-BOX. 


404.  Area  of  grate.  The  older  types  of  engines,  as  represented 
by.  the  "American,"  "Mogul"  or  "Consolidation"  type, 
always  had  the  fire-box  set  between  the  drivers,  which  praetioadly 
meant  that  the  maximum  elTectivc  inside  width  of  .the  fire-box 
was  limited  to  about  3  ft.  5  ins.  for  standard-gauge  locomotives. 
The  maximum  distance  over  which  a  fireman  can  prc^ieriy 
control  a  fire  is  perhaps  10  to  11  ft.,  but  such  extreme  lengths 
are  objectionable.  The  grate  area  was  thus  quite  definitely 
limited.  The  Wootten  fire-box,  illustrated  in  Fig.  IW,  obtained 
a  fire-box  eight  feet  wide  by  raising  it  above  the  level  of  the 
drivers,  as  shown,  but  this  required  that  the  drivers  should  be 
objectionably  small  in  diameter,  except  for  low-speed  engines^ 
or  that  the  fire-box  would  be  set  objectionably  high.  The  last 
difficulty  has  l)een  solved  by  engines  of  the  "  Columbia,"  "  At- 
lantic," "  Pacific,"  "  Mikado,"  and  "  Santa  Fe  "  types,  aU  of 
which  have  a  pair  of  trailing  wheels,  36  to  45  ins.. in  diameter, 
set  back  of  the  driving  wheels  and  under  the  fire-box,  which  may 
thus  be  widened  to  7  or  8  ft.,  the  entire  fire-box  being  placed  back 
of  the  driving  wheels. 

405.  Superheaters.  Inside  of  a  }x)iler  the  steam  has  a  tem- 
y)ora1uro  oorresiwnding  to  its  pressure.  For  example,  if  the 
pressure  is  18()  lbs.,  the  temperature  is  about  379**  F.  When  the 
steam  of  a  locomotive  is  superheated,  the  steam  is  oonducled 
from  the  throttle  to  the  (cylinders  through  pipes  which  are  pup* 
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posely  placed  in  the  path  of  the  flue  gases  on  their  way  to  the 
smokestack.  A  simple  form  of  superheater  is  a  series  of  tubes 
and  drums  located  in  the  smokebox.  Here  the  temperature  is 
perhaps  600°  F.,  which  is  sufficient  to  heat  the  steam  from  30° 
to  50°  above  the  boiler  temperature  and  to  produce  substantial 
economies.  In  another  more  effective  but  more  costly  type  a 
considerable  number  of  the  ordinary  2}-inch  boiler  tubes  are 
replaced  by  5i-inch  tubes,  inside  of  each  of  which  is  a  pipe  loop 
extending  from  the  smokebox  headers  to  within  a  short  dis- 
tance of  the  fire-box,  where  the  temi>erature  approaches  the 
fire-box  temperature,  which  is  perhaps  2000°  F.  The  live  steam 
passes  through  these  loops  and  is  so  heated  that,  even  after  it 
reaches  the  cy Under,  it  has  a  superheat  of  150°  to  200°  over  the 
boiler  temperature,  but  since  its  pressure  is  substantially  the 
boiler  pressure,  the  quantity  (or  weight)  of  steam  required  to  fill 
the  cylinder  at  that  temperature  and  pressure  is  much  less 
than  the  quantity  of  steam  at  the  same  pressure  but  lower  tem- 
perature. Superheating  also  has  the  advantage  of  making  the 
steam  more  dry  and  of  preventing  condensation  in  the  cylinders 
until  the  steam  has  lost  in  temperature  at  least  the  amount  of  its 
superheat.  Superheating  is  chiefly  advantageous  for  use  with 
passenger  engines,  when  they  must  work  at  high  power  for  long, 
continuous  runs.  An  economy  of  15  to  25%  in  coal  consumption 
(and  even  30%  in  some  tests),  can  ordinarily  be  obtained  by  the 
use  of  superheaters,  but  the  economy  is  somewhat  offset  by  the 
additional  cost  for  installation  and  for  subsequent  repairs  and 
maintenance. 

406.  Reheaters.  A  reheater  is  substantially  the  same  as  a 
superheater  in  its  general  principle  of  construction.  When  steam 
has  been  exhausted  from  a  high-pressure  cylinder,  the  tempera- 
ture and  pressure  are  both  considerably  lower  than  their  boiler 
values.  If  the  steam  is  to  be  again  used,  an  economy  is  obtained 
and  the  steam  is  dried  by  passing  it  through  a  reheater.  They 
are  generally  used  on  Mallet  engines  to  reheat  the  steam  in  its 
passage  from  the  high-pressure  to  the  low-pressure  cylinders. 

407.  Coal  consumption.  No  form  of  steam-boiler  (except 
a  boiler  for  a  steam  fire-engine)  requires  as  rapid  production  of 
steam,  considering  the  size  of  the  boiler  and  fire-box,  as  a 
locomotive.  The  combustion  of  coal  per  square  foot  of  grate 
per  hour  for  stationary  boilers  averages  about  15  to  25  lbs.  and 
seldom  exceeds  that  amount.     An  ordinary  maximum  for  a 
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locomotive  is  125  lbs.  of  coal  per  square  foot  of  grat<i-area  per 
hour,  and  in  some  recent  practice  220  lbs.  have  been  used.  Of 
course  such  excessive  amounts  are  wasteful  of  coal,  because 
a  considerable  percentage  of  the  coal  will  be  blown  out  of  the 
smoke-stack  unconsumed,  the  draft  necessaiy  for  such  rapid 
consumption  being  ver}^  great.  The  only  justification  of  such 
rapid  and  wasteful  coal  consumption  is  the  necessity  for  rapid 
production  of  steam.  The  best  quality  of  coal  is  cap»able  of 
evaporating  about  14  lbs.  of  water  per  pound  of  coal,  i.e.,  change 
it  from  water  at  212°  to  steam  at  212°;  the  heat  required  to 
change  water  at  ordinary  temperatures  to  steam  at  ordinary 
working  pressure  is  (roughh-)  about  20%  more.  From  6  to  9  lbs. 
of  water  per  pound  of  coal  is  the  average  performance  of  ordinair 
locomotives,  the  efficiency  being  less  with  the  higher  rat«8  of 
combustion.  Some  careful  tests  of  locomotive  coal  consump- 
tion gave  the  following  figures:  when  the  consumption  of  coal 
was  50  lbs,  per  square  foot  of  grate-area  per  hour,  the  rate  of 
evaporation  was  8  lbs.  of  water  per  pound  of  coal.  When  the 
rate  of  coal  consumption  was  raised  to  180,  the  evaporatioD 
dropped  to  5  lbs.  of  water  per  pound  of  coal.  It  has  been 
demonstrated  that  the  efficiency  of  the  boiler  is  largely  increased 
by  an  increased  length  of  ]>oiler-tubes.  The  actual  consump- 
tion of  coal  per  mile  is  of  course  an  exceedingly  variable  quan- 
tity, depending  on  the  size  and  type  of  the  engine  and  also  on 
the  work  it  is  doing — whether  climbing  a  heavy  grade  with  its 
maximum  train-load  or  running  easily  over  a  levei  or  down 
grade.  A  test  of  a  oO-ton  engine,  running  without  any  train  at 
about  20  to  25  miles  per  hour,  showed  an  average  consumption 
of  21  lbs.  of  coal  per  mile.  Statistics  of  the  Pennsylvania  Rail 
road  show  a  large  increase  (as  might  be  expected,  considering 
the  growth  in  size  of  engines  and  weight  of  trains)  in  the  aver- 
age number  of  p>ounds  of  coal  l)umed  per  train-rmle — s<»ne  of 
the  figures  being  55  lbs.  in  1863,  72  lbs.  in  1872,  and  nearly 
84  lbs.  in  1883.  Figures  are  published  showing  an  average 
consumption  of  about  10  lbs.  of  coal  per  passenger-car  mfle, 
and  4  to  5  lbs.  per  freight-car  mile.  But  these  figures  are  alwayi 
obtained  by  dividing  the  total  consumption  per  train-mile  by 
the  number  of  cars,  the  coal  due  to  the  weight  of  the  eaglgM 
being  thrown  in.  Wellington  developed  a  rule,  based  qb  tbe 
actual  performsmce  of  a  very  large  number  of  paaeenger-tneiiiB^ 
that  the  number  of  pounds  of  coal  per  mi)e»  21. 14^.74 
the  number  oi  passenger-cars.     The  amount  of  coal 
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to  the  engiae  agrees  remarkably  with  the  test  noted  above 
For  freight-trains  the  amount  assigned  to  the  engine  should 
be  much  greater  (since  the  engine  is  much  heavier),  and  that 
assigned  to  the  individual  cars  much  less,  although  the  great 
increase  in  freight-car  weights  in  recent  j^ears  has  caused  an 
increase  in  the  coal  required  per  car* 

There  is  a  ph^ical  limit  to  the  amotmt  of  coal  which  cmi  be 
shovelled  into  a  firebox  by  a  fireman.  Tests  have  shown  that 
the  average  fireman  can  handle  about  4000  lbs.  of  coal  per  hoar 
and  keep  up  such  work  almost  indefinitely.  For  a  short  time 
he  can  shovel  coal  at  the  rate  of  80  or  90  lbs.  per  minute,  and 
this  may  be  necessary  to  keep  up  steam  while  the  train  is  going 
over  some  hump,  but  it  must  be  followed  by  some  relief  which 
will  make  the  average  about  the  same.  Automatic  stokers  have 
been  devised  for  locomotives  which  can  feed  as  much  as  6000  lbs. 
of  coal  per  hour  when  the  grate  area  is  less  than  70  square  feet 
and  up  to  8000  lbs.  per  hour  when  the  grate  area  is  70  square  feet 
or  over.  These  are  necessary  on  some  of  the  most  powerful 
locomotives  in  order  to  produce  steam  fast  enough  to  develop 
their  maximum  capacity. 

408.  Ofl-buming  locomotives.  In  1912  over  one-sixth  of  all 
the  locomotives  west  of  the  Mississippi  River  used  oil  as  fuel. 
Some  of  the  advantages  in  using  oil  are  as  follows:  (1)  the 
British  thermal  imits  in  one  pound  of  oil  vary  from  about  19,000 
to  21,000;  those  in  a  pound  of  coal  vary  from  perhaps  14,000  for 
the  very  best  down  to  5000  for  the  poorer  grades  of  lignite  found 
in  the  western  parts  of  the  United  States,  and  this  means  a  great 
reduction  in  the  cost  of  carrying  and  storing  fuel,  measured  in 
heat  units;  (2)  the  cost  of  handling  fuel  is  reduced  and  that  of 
disposing  of  ashes  is  eliminated;  (3)  engine  repairs  are  reduced 
in  many  respects,  although  it  is  said  that  the  increased  cost  of 
fire-box  repairs,  due  to  the  intense  heat  of  the  oil  flame,  offsets 
any  reduction  in  other  items;  (4)  the  fires  can  be  more  easily 
controlled  and  waste  of  heat  reduced  during  stoppages  or  when 
drifting  down  grade;  (5)  wayside  fires  due  to  sparks  are  alto- 
gether eliminated;  (6)  there  is  a  practical  limitation  (see  §  407), 
to  the  amount  of  coal  that  one  fireman  can  feed  to  a  fire;  but 
there  is  no  such  limitation  when  using  oil;  (7)  there  is  an  equality 
in  cost  of  heat  units  when  a  42-gallon  barrel  of  oti,  weighing  7.3 
lbs.  per  gallon,  costs  GO  cents  and  a  ton  (2000  lbs.)  of  coal,  having 


♦See  Chap.  XVIII  for  further  discussion  of   relation  of  coal  consumed 
topower  produced. 
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two-thirds  as  many  heat  units  per  pound,  costs  S2.61,  or  4.35 
times  as  much.  The  other  items  of  difference  almost  invariably 
favor  the  oil  and  might  make  it  more  desirable  even  when  the 
ratio  of  cost  seemed  to  favor  the  coal.  The  extensive  use  of  oil 
west  of  the  Mississippi  River  is  due  to  the  fact  that  in  many 
localities  a  very  suitable  quahty  of  crude  oil  is  plentiful  and 
cheap  while  coal  is  expensive  and  of  low  calorific  power. 

409.  Heating-surface.  The  rapid  production  of  steam  requires 
that  the  hot  gases  shall  have  a  large  heating-surfaoe  to  which 
they  can  impart  their  heat.  From  50  to  75  square  feet  oi 
heating-surface  is  usually  designed  for  each  square  foot  of 
grate-area.  A  more  recently  used  rule  is  that  there  should  be 
from  60  to  70  square  feet  of  tube  heating-surface  per  square 
foot  of  grate-area  for  bituminous  coal.  40  or  50  to  1  is  more 
desirable  for  anthracite  coal.  Almost  the  whole  surface  of 
the  fire-box  has  water  behind  it,  and  hence  constitutes  heating- 
surface.  Although  this  surface  forms  but  a  small  part  of  the 
total  (nominally),  it  is  really  the  most  effective  portion,  sioce 
the  difference  of  temperature  of  the  gases  of  combustion  and 
the  water  is  here  a  maximum,  and  the  flow  of  heat  is  therefore 
the  most  rapid.  The  heating-surface  of  the  tubes  varies  from 
85  to  93%  of  the  total,  or  about  7  to  15  times  the  heatingnsurfaoe 
in  the  fire-box.  By  dividing  the  total  weight  of  a  well-designed 
engine  (exclusive  of  tender)  by  the  number  of  square  feet  id 
heating-surface  (fire-box  and  tubes),  we  get  a  quotient  which 
varies  from  60  to  80  or  over.  For  example,  a  light  jengine,  weigh- 
ing only  96,450  lbs.  had  a  total  heating  surface  of  1449  square 
feet,  or  about  67  lbs.  per  square  foot.  On  the  other  hand,  a 
Mikado  engine,  weighing  297,500  lbs.,  had  4359  square  feet  of 
heating  surface,  or  68  lbs.  per  square  foot. 

410.  Loss  of  efficiency  in  steam  pressure.  The  effective 
work  done  by  the  piston  is  never  equal  to  the  theoretical  energy 
contiiined  in  the  steam  withdrawn  from  the  boiler.  This  is  due 
chiefly  to  the  following  causes: 

(a)  The  steam  is  "  wire-drawn,"  i.e.,  the  pressure  in  the 
cylinder  is  seldom  more  than  85  to  90%  of  the  boiler  pressure. 
This  is  due  largely  to  the  fact  that  the  steam-ports  are  so  amall 
that  the  steam  cannot  get  into  the  cylinder  fast  enough  to  exert 
its  full  pressure.  Partially  closing  the  throttle,  so  that  the 
steam  will  be  used  less  rapidly,  also  wire-draws  the  steam. 

(6)  Entrained  water.     Steam  is  always  drawn  from  a  dcmie 
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placed  over  the  boiler  so  that  the  steam  shall  be  as  far  above 
the  water-surface  as  possible,  and  shall  be  as  dry  as  possible. 
In  spite  of  this  the  steam  is  not  perfectly  dry  and  carries  with 
it  water  at  a  temperature  of,  say,  361**,  and  pressure  of  140  lbs. 
per  square  inch.-  When  the  pressure  falls  during  the  expan- 
sion and  exhaust,  this  hot  water  turns  into  steam  and  absorbs 
the  necessary  heat  from  the  hot  cylinder-walls.  This  heat  is 
then  carried  out  by  the  exhaust  and  wasted. 

(c)  The  back  pressure  of  the  exhaust-steam,  which  depends 
on  the  form  of  the  exhaust-passages,  etc.  This  amoimts  to 
from  2  to  20%  of  the  power  developed. 

(d)  Clearance-spaces.  WTien  cutting  off  at  full  stroke  this 
waste  is  considerable  (7  to  9%),  but  when  the  steam  is  used 
expansively  the  steam  in  these  clearance-spaces  expands  and 
so  its  power  is  not  wholly  lost. 

(c)  Radiation.  In  spite  of  all  possible  care  in  jacketing  the 
cylinders,  some  heat  is  lost  by  radiation. 

(/)  Radiation  into  the  exhaust-steam.  This  is  somewhat 
analogous  to  (b).  Steam  enters  the  cylinder  at  a  temperature 
of,  say,  361°;  the  walls  of  the  cylinder  are  much  cooler,  say  250°; 
some  heat  is  used  in  raising  the  temperature  of  the  cylinder- 
walls;  some  steam  is  vaporized  in  so  doing;  when  the  exhaust 
is  opened  the  temperature  and  pressure  fall;  the  heat  tem- 
porarily absorbed  by  the  C5'^linder-walls  is  reabsorbed  by  the 
exhaust-steam,  re-evaporating  the  vapor  previously  formed, 
and  thus  a  certain  portion  of  heat-energy  goes  through  the 
cylinder  vnthout  doing  any  useful  work.  With  an  early  cut-off 
the  loss  due  to  this  cause  is  very  great. 

The  sum  of  all  these  losses  is  exceedingly  variable.  They 
are  usually  less  at  lower  speeds.  The  loss  in  initial  jyressure 
(the  difference  between  boiler  pressure  and  the  cylinder  pres- 
sure at  the  beginning  of  the  stroke)  is  frequently  over  20%, 
but  this  is  not  all  a  net  loss  With  an  early  cut-off  the  average 
cylinder  pressure  for  the  whole  stroke  is  but  a  small  part  of 
the  boiler  pressure,  yet  the  horse -power  developed  may  be  as 
great  as,  or  greater  than  that  developed  at  a  lower  speed,  later 
cut-off,  and  higher  average  pressure 

4ZI.  Tractive  power  The  work  done  by  the  two  cylinders 
during  a  complete  revolution  of  the  drivers  evidently  =area  of 
pistons X average  steam  pressure X stroke X 2X2.  The  resist- 
ance ovcrc(^3ie  evidently** tractive  force  at  circumference  of 
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drivers  times  distance  traveled  by  drivers  (which  iB  the  cir- 
cumference of  the  drivers)      I'heretbre 

C  area  pistons  X  avcra«^  steam  pressure 

^      ..      .  i  XstrokeX2X2. 

Tractive  force  «  J : z .  .  . — ■ . 

{  circumference  of  dnvere 

\  Dixnding  numerator  and  denominator  by  t:  (3.1415),  yfe  have 
\ 
\  (  (diam  piston) '  X  average  steam 

\      Tractive  force  =j ^P'^»'«.>1?L^^? ,    .     (ift-J) 

C  diameter  of  -dnver  ^ 

which  is  the  usual  rulo  Although  tne  rule  is  generally  stated 
in  this  fonn,  there  are  several  deductions  In  the  Rrst  place 
the  net  cfTective  area  of  the  piston  is  leas  than  the  nominal  on 
account  of  the  area  of  the  piston-rod.  The  ratio  of  the  areas 
of  the  piston-rod  and  piston  varies,  but  the  effect  of  this  reduc- 
tion is  usually  from  1.3  to  1-7%.  No  allowance  has  been  made 
for  fri(!tion— of  the  piston,  piston-rod,  cross-head,  and  the 
various  Ix'arings  This  would  make  a  still  further  reduction 
of  several  per  cent.  Nevertheless  the  above  simple  rule  is 
used,  because^  as  will  be  shown,  no  great  accuracy  can  be 
utilized. 

The  maximum  draw  bar  pull  is  limited  by  the  adhesion  between 
the  drivin);;  wheels  and  the  rails.  This  is  usually  about  ond- 
fourth  of  the  weight.  The  use  of  sand  may  iocrease  it  to  one- 
third.  But  this  rutio  is  important  only  when  starting  or  at  very 
low  speeds.  The  adhesion  is  always  ample  for  the  much  lower 
cylinder  power  which  can  be  developed  at  higher  speeds.  This 
is  considered  more  fully  in  Chapter  XVIII. 

RUNNING    QEAR. 

412.  Equalizing-levers.  The  ideal  condition  of  track,  from 
the  standpoint  of  smooth  running  of  the  rolling  stock,  is  that 
the  rails  should  always  lie  in  a  piano  surface.  While  this  con- 
dition is  theoretically  possible  on  tangents,  it  is  unobtainable 
on  curves,  and  especially  on  the  approaches  to  curves  when  the 
outer  rail  is  being  raised.  Even  on  tangents  it  is  impossible 
to  maintain  a  perfect  surface,  no  matter  how  perfectly  the 
track  may  have  been  laid.    In  consequence  of  tbisi  the  pointi 
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of  contact  of  the  wheels  of  a  locomotive,  or  even  of  a  four- 
wheeled  truck,  will  not  ordinarily  lie  in  one  plane.  The  rougher 
and  more  defective  the  track,  the  worse  the  condition  in  this 
respect.  Since  the  frame  of  a  locomotive  is  practically  rigid, 
and  the  frame  resta  on  the  driver-axles  through  the  medium  of 
springs  at  each  axle-bearing,  the  compression  of  the  springs 
(and  hence  the  pressure  of  the  drivers  on  the  rail)  will  be  varia- 
ble if  the  bearing-points  of  the  drivers  are  not  in  one  plane 
This  variable  pressure  affects  the  tractive  power  and  severely 
strains  the  frame.  Applying  the  principle  that  a  tripod  will 
stand  on  an  uneven  surface,  a    mechanism   is  emplo3'^ed  which 

>i  d       K        e  C  L 

b      .     .. 1 1.. /       Ju 
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virtually  supports  the  locomotive  on  three  points,  of  which  one 
is  usually  the  center-bearing  of  the  forward  truck.  On  each 
side  the  pressure  is  so  distributed  among  the  drivers  that  even 
if  a  driver  rises  or  falls  with  reference  to  the  others,  the  load 
oairied  by  each  driver  is  unaltered,  and  that  side  of  the  engine 
rises  or  falls  by  one  nth  of  the  rise  or  fall  of  the  single  driver, 
where  n  represents  the  number  of  wheels.  The  principle  in- 
volved is  shown  in  an  exaggerated  form  in  Fig.  195.  In  the 
diagram,  MJV  represents  the  normal  position  of  the  frame  when 
the  wheels  are  on  line.  The  frame  is  supported  by  the  hangers 
at  a,  c,  /,  and  h.  ab,  de,  and  gh  are  horizontal  levers  vibrating 
about  the  points  H,  K,  and  L,  which  are  supported  by  the 
axles.     While  it  is  possible  with  such  a  system  of  levers  to  make 
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MN  assume  a  position  not  parallel  with  its  natural  positioxi, 
yet,  by  an  extension  of  the  principle  that  a  beam  balance  loaded 
with  equal  weights  will  always  be  horizontal,  the  effect  of  rais- 
ing or  lowering  a  wheel  will  be  to  move  MN  parallel  to  itsdf. 
It  only  remains  to  determine  how  much  is  the  motion  of  MN 
relative  to  the  rise  or  drop  of  the  wheel. 

The  dotted  lines  represent  the  positions  of  the  "wfaeeb  and 
levers  when  one  wheel  drops  into  a  depression.  The  wheel 
center  drops  from  p  to  9,  a  distance  m.  L  drops  to  U,  a 
distance  m  (see  Fig.  195,  h)\  M  drops  to  M',  an  unknown  dis- 
tr.nce  x;  therefore  aa' =^x\  hh' ^x\  cc' —x\  dd'=3x  =  ctf';  ff—z\ 
.*.  gg'  =  5x;  hh'=x;  LU  =  i{gg'-]-W)=^i(Qx)^tn;  /.  x>=im; 
i.e.,  MN  drops,  parallel  to  itself,  1/n  as  much  as  the  wheel 
drops,  where  n  is  the  number  of  wheels.  The  resultant  effect 
caused  by  the  simultaneous  motion  of  two  wheels  with  refer- 
ence to  the  third  is  evidently  the  algebraic  sum  of  the  effects 
of  each  wheel  taken  separately. 

The  practical  benefits  of  this  device  are  therefore  as  follows: 

(a)  When  any  driver  reaches  a  rough  place  in  the  track,  a 
higii  place  or  a  low  place,  the  stress  in  all  the  various  hangen 
and  levers  is  unchanged. 

(6)  The  motion  of  the  frame  (represented  by  the  bar  MN 
m  Fig.  195)  is  but  1/n  of  the  motion  of  the  wheel,  and  the  jar 
and  vibration  caused  by  a  roughness  in  the  track  is  correspond- 
ingly reduced. 

The  details  of  applying  these  principles  are  Yaried,  but  in 
general  it  is  done  as  follows: 

(a)  American  and  ten  wheeled  types.  Drivers  on  each  aide 
form  a  system.  The  center-bearing  pilot-truck  is  the  third 
point  of  support.     The  method  is  illustrated  in  Fig.  196. 

(b)  Mogul  and  consolidation  types.  The  front  pair  of  driveiB 
is  connected  with  the  two-wheeled  pilot-truck  (as  illuatnted 
in  Fig.  197)  to  form  one  system.  The  remaining  driven  on 
each  side  are  each  formed  into  a  system. 

The  device  of  equalizers  is  an  American  invention.  Until 
recently  it  has  not  been  used  on  foreign  locomotives.  Hie 
necessity  for  its  use  becomes  less  as  the  track  is  mMiifaMWAii 
with  greater  perfection  and  is  more  free  from  sharp  curves.  A 
locomotive  not  equipped  with  this  device  would  deteriovate 
very  rapidly  on  the  comparatively  rough  tracks  whiofa  an 
usually  found  ou  light-trafBc  roads,    It  is  still  an  open  ques- 
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ion  to  what  extent  the  neglect  of  this  device  ia  responsible  for 
tie  atatietical  fact  thataverage  freight-train  loads  on  foreign 
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trains  are  less  in  proportion  to  the  weight  on  the  driven  than 
is  the  case  with  American  practice*  The  I'ecent  Ifici'eBBitig  ti« 
of  this  device  on  foreign  heavy  ft^ight  locomotivea  is  picrha|a 
an  acknowledgment  of  this  principle. 

413.  Counterbalancing.  At  very  high  velocities  the  cen- 
trifugal force  developed  by  the  i\'eight  of  the  iHstaiing  parts 
becomee  a  quantity  whjch  cannot  be  safely  neglected.  These 
rotating  parts  include  the  crank-pin,  the  erank-pin  boss,  the 
side  rod,  and  that  part  of  the  weight  of  the  -ooD^ecting-iod 
which  may  be  considered  as  rotating  about  the  center  of  the 
crank-dri\'er.  As  a  numerical  illustmtion,  a  driving-wheel 
62"  in  diameter,  running  60  miles  per  hour,  will  revolve  325 
times  per  minute.     The  weights  are: 

Crank-pin 110  lbs. 

boss 150  ."' 

One-half  side  rod 240  "*' 

Backend  of  connecting-rod  (56%) .. .   190    " 

Total 69011x9. 

If  the  stroke  is  24",  the  radius  of  rotation  is  T2f\ or  1  foot.    Then 
Gv^     690X4;r^l^X_325^_  ^^    ^, 
gr^     32^"xrxad*     -^^^^^'' 

which  is  half  as  much  again  as  tke  weight  on  *  ^rhror,  16000  lbs. 
Therefore  if  770  eoimteibalancing  were  used,  the  psessure  be- 
tween the  drivers  and  the  rail  would  "ttl^'ays  be  less  (at  any 
A':ilocity)  when  the  cnink-pin  wae  at  ite  highest  point.  At  a 
velocity  of  al^out  48  miks  per  hour  the  pressure  would  become 
zero,  Ebnd  at  higher  velocities  the  wheel  wduld  -actually  be 
thrown  from  the  rail.  As  an  additional  obj40tioa^  when  the 
crank-pin  was  at  the  lov^est  point,  the  lail  piessive  would  be 
increased  (velocity  60  miles  per  hour)  fimn  16000  lbs.  to  neariy 
41000  lbs.,  an  objectionably  high  pressure.  Tkase  injurious 
effects  are  neutralized  by  "counterbalancing."  •'Snce  all  of 
the  abbve-mentioned  weights  can  be  ooosHiered  m  concen- 
trated at  the  center  of  the  crank-|)in,  if  a  sufiieieiA  ^weight  is  so 
placed  in  the  drivers  that  the  center  of  gravity  -of  xlfafe  eccentric 
weight  is  diametrically  opposite  to  the  crank-^in,  tbis  centrifu- 
gal force  can  be  wholly  l>alanced.  This  is  dose  by  filling  up 
a  portion  of  the  space  between  the  spokes.  If  the  center  <rf 
/gravity  of  the  counterbalancing  weight  is  20"  #rom  the  center, 
then,  since  the  crank-pin  radius  is  12'',  the  wquirMi 
♦vould  bo  690  X  M  =  4 14  lbs. 
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In  addHion  to  the  effect  of  these  revolving  parts  there  is 
the  effect  of  the  sudden  acceleration  and  retardation  of  the 
reciprocating  parts.  In  the  engine  above  considered  the  weights 
of  these  reciprocating  psurts  will  be: 

Front  end  of  oonnecting-rOd  (44%) . .  150  lbs. 

Cross-head 174   *' 

Piston  and  piston-rod 300  ** 

total 624  lbs. 

Assume  as  before  that  the  reciprocating  parts  may  be  ooor 

sidered  as  concentrated  at  one  point,  the  point  P  i)i  the  diar 

gram  in  Fig.  198.    Since  the  ^ ^ 

motion  of  P  is  horizontal  /''  "l»W' 

ouly,  the  force  required  to  /    /^i^^^^  ^ 

overcome  its  inertia  at  anv     |g>. L-/x >^_JjL__i_- 


point    will    exactly    equal      P^***'"****--«-A^VL/;^     /     # 
the  horizontal  componeni  of  \"?vli^-/  y 

the  force  required  to  over-  *^-^ ^^y       f 

come  the  inertia  of  an  equ£d 

weight   at  S  revolving  in  ^""^  i^s.-AcnoN  of  CorNTKRBALANCB. 

a  circular  path.  Then  evidently  the  h<HiBcmtal  component  of 
the  force  required  to  keep  W  in  the  circular  path  will  exactly 
balance  the  force  required  to  overcome  the  inertia  of  P.  Of 
coiurse  W=rP^  But  a  smaller  weight  W\  whose  weight  is 
inversely  proportional  to  its  radius  of  rotation^  will  evidently 
accomplish  the  same  result.  In  the  above  numerical  caae,  if 
the  center  of  gravity  of  the  counierweights  is  W  from  the 
center^  the  required  weight  to  completely  counterbalance 
the  reciprooating  parta  would  be  624  Xi|"  374.4  lbs.  This 
counterweight  need  not  be  all  placed  on  the  driver  carrying 
the  main  oraak-puo,  but  can  be  (and  is)  distributed  among  all 
the  drivers.  Suppose  it  were  divided  between  the  two  drivers 
in  the  above  case.  At  60  miles  per  hour  such  a  counterweight 
would  produce  an  additional  pressure  of  11211  lbs.  when. the 
counterweight  was  down,  or  a  lifting  force  of  the  same  amount 
when  the  eouQj^^rweight  was  up.  Although  this  is  not  suffi- 
cient to  lift  the  driver  from  the  rail,  it  would  produce  an  objec- 
tionably high  pressure  on  the  rail  (over  27000  lbs.),  thus  inducing 
just  what  it  was  desired  to  avoid  on  account  of  the  eccentric 
rotating  parts.  Therefore  a  comprcxnise  must  be  made.  Only 
a  portioQ  (cHie:  hfM  to  three  fourths)  of  the  weight  of  the  recip- 
rocating parts  is  balanced.    Since  the  effect  oi  the  rotating 
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weights  is  to  cause  variable  pressure  on  the  rail,  while  the  effect 
of  the  reciprocating  parts  is  to  cause  a  horizontal  wobbling  or 
"  nosing  *'  of  the  locomotive,  it  is  impoesible  to  balance  both. 
Enough  counterweight  is  introduced  to  partially  neutralise  the 
effect  of  the  reciprocating  parts,  still  leaving  some  tendency  to 
horizontal  wobbling,  while  the  counterwei^ts  which  wen 
introduced  to  reduce  the  wobbling  cause  some  Variation  of 
pressure.  The  vertical  or  horizontal  pressure  developed  by  the 
unbalanced  rotating  and  reciprocating  parts  is  called  the 
dynamic  augment. 

An  additional  injurious  effect  on  the  track  of  the  dynamie 
augment  is  due  to  the  fact  that  the  center  of  gravity  of  the  side 
rod  is  several  inches  outside  of  the  vertical  plane  in  which  the 
counterweight  revolves,  and  that  the  center  of  gravity  of  the 
main  rod,  or  connecting  rod,  is  still  further  outside.  The  dy- 
namic augment  will  be  increased  by  the  ratio  of  the  distanee 
between  these  planes  of  rotation  to  the  distance  between  the 
centers  of  the  companion  drivers.  This  ratio  averagBB  about 
11%  for  the  side  rods  and  for  the  part  of  the  pin  within  the  aide 
rod;  the  corresponding  figure  for  the  main  rod  is  about  23%. 
The  ph3rsical  effect  of  the  dynamic  augment  on  the  stiuf 
produced  in  the  track  is  further  discussed  in  Chapter  XXV. 

By  using  hollow  piston-rods  of  steel,  ribbed  croae-headi^ 
and  connecting-  and  side-rods  with  an  I  section,  the  wei^ 
of  the  reciprocating  parts  may  be  greatly  lessened  without 
reducing  their  strength,  and  with  a  decrease  in  wei||^  the 
effect  of  the  unbalanced  reciprocating  parts  and  of  the  ''ex* 
cess  balance  "  (that  used  to  balance  the  reciprocating  parts)  ii 
largely  reduced. 

Current  practice  is  somewhat  variable  on  three  features: 

(a)  The  proportion  of  the  weight  of  the  connecting-rod  iHiidi 
should  be  considered  as  revolving  weight. 

(h)  The  proportion  of  the  total  reciprocating  weight  thai 
should  be  balanced. 

(c)  The  distribution  among  the  drivers  of  the  counterweii^ 
to  balance  the  reciprocating  parts. 

The  principal  rules  which  luave  been  formulated  for  oounter^ 
balancing  may  be  stated  as  follows,  although  there  is  oonaidei^ 
able  variation  in  the  figures  used  in  rules  2  and  3. 

1.  Each  wheel  should  be  balanced  correctly  for  the  ravolTing 
parts  connected  with  it. 
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2.  In  addition,  introduce  counterbalanoe  sufScient  for  50% 
of  the  weight  of  the  reciprocAting  parts  for  ordinary  engineB, 
increaBing  this  to  75%  when  the  reciprocating  parts  are  cxccb- 
aively  heavy  (as  in  compound  locomotivea)  or  when  the  engine 
is  light  and  unable  to  withstand  much  lateral  strain  or  when 
the  wheel-baae   ia  short. 

3.  Consider  the  weight  of  the  connecting-rod  as  J  revolving 
and  i  reciprocating  when  it  is  over  8  feet  long;  when  shorter 
than  8  feet,  consider  ^V  ^  ^^^  weight  as  revolving  and  -^  aa 
reciprocating. 

4.  The  part  of  the  weight  of  the  connecting-rod  considered 
as  revolving  should  beentirely  balanced  in  the  crank-driver  wheel. 

5.  The  "excess  balance"  should  be  divided  equally  among 
the  drivers. 

6.  Place  the  counterbalance  aa  near  the  rim  tA  the  whed 
as  possible  and  also  as  near  the  outside 

of  the  wheel  as  possible  in  order  that 
the  center  of  gravity  shall  be  as  near 
as  possible  opposite  the  center  of 
gravity  of  the  rods,  etc.,  which  are  all 
outside  of  even  the  plane  of  the  face 
of  the  wheel. 

In  Fig.  199  is  shown  a  section  of  a 
locomotive  dri^'er  with  the  cavities  in 
the  casting  for  the  accommodation  of 
the  lead  which  is  used  for  the  counter- 
balance  weight.      Incidentally  several 

other  features  and  dimensions  are  shown     Fio.  109. — SKtmoK  i>» 
in  the  illustration. 

414.  Hutual  relations  of  the  boiler  power,  tractive  power, 
and  cylinder  power  for  various  types.  The  design  of  a  locomo' 
tive  includes  three  distinct  features  which  are  varied  in  their 
mutual  relations  according  to  the  work  which  the  engine  is 
expected  to  do. 

(a)  The  boiler  power.  This  ia  limited  by  the  rate  at  which 
steam  may  be  generated  in  a  boiler  of  admissible  size  and  weight. 
Engines  which  are  designed  to  haul  very  fast  trains  which  are 
comparatively  light  must  be  equipped  with  very  large  grates  and 
heating  surfaces  so  that  steam  may  be  develoi>cd  with  great 
rapidity  in  order  to  keep  up  with  the  very  rapid  oonauinptioa 


452  RAILROAD  CONSTRUCTION.  §414. 

Engines  for  very  heavy  freight  work  are  run  at  veiymuch 
lower  velocity  and  at  a  lower  piston  speed  in  spite  of  the  fact 
that  more  strokes  are  required  to  cover  a  give  a  distance  and 
the  demand  on  the  boiler  for  rapid  steam  production  is  not 
as  great  as  with  high-speed  passenger-engines.  The  capacity  of 
a  boiler  to  produce  steam  is  therefore  limited  by  the  limiting 
weight  of  the  general  type  of  engine  required.  Although  im- 
provements may  be  and  have  been  made  in  the  design  of  fire- 
boxes so  as  to  increase  the  steam-producing  capacity  without 
adding  proportionately  to  the  weight,  yet  there  is  a  more  or  lea 
definite  limit  to  the  boiler  power  of  an  engine  of  given  weight. 

(b)  The  tractive  power.  This  is  limited  by  the  possible  driver 
adhesion.  The  absolute  Umit  of  tractive  adhesion  between  a 
steel-tired  wheel  and  a  steel  rail  is  about  one-third  of  the  pfessun^ 
but  not  more  than  one-fourth  qf  the  weight  on  the  drivccB  can 
be  depended  on  for  adhesion  and  wet  rails  will  often  reduce 
this  to  one  fifth  and  even  less.  The  tractive  power  is  therefore 
absolutely  limited  by  the  practicable  weight  of  the  engine.  Is 
some  designs,  when  the  maximum  tractive  power  is  desired,  not 
only  is  the  entire  weight  of  the  boiler  and  running  gear  throwB 
on  the  drivers,  but  even  the  tank  and  fuel-box  are  loaded  on. 
Such  designs  are  generally  employed  in  switching-enginea  (or 
on  engines  designed  for  use  on  abnormally  heavy  mountain 
grades)  in  which  the  maximum  tractive  power  is  required,  but 
in  which  there  is  no  great  tax  on  the  boiler  for  rapid  steam  pn^ 
duotlon  (the  speed  being  alwa}^^  very  low),  and  the  boiler  and 
fire-box,  which  furnish  the  great  bulk  of  the  weight  of  an  engine^ 
are  therefore  comparatively  light,  and  the  requisite  weight  for 
traction  must,  therefore,  be  obtained  by  loading  the  driven 
as  much  as  possible.  On  the  other  hand,  engines  of  the  highest 
speed  cannot  possibly  produce  steam  fast  enough  to  maintain 
the  required  speed  unless  the  load  be  cut  do«'n  to  a  compara- 
tively small  amount.  The  tractive  power  required  for  this 
comparatively  small  load  will  l>c  but  a  small  part  of  tlte  weight 
of  thc>  eiifrine,  and  therefore  engines  of  this  ckiss  have  but  a 
small  pi-oportion  of  their  weight  on  the  drivere;  generally 
have  but  two  driving-axh's  and  sometimes  but  one. 

(c)  Cylinder  power.  The  running  gear  forms  a  merhanian 
which  is  simply  a  means  of  transforming  the  energy  of  the  boiler 
into  tractive  force  and  its  power  is  unlimited,  within  the  pra^ 
tical  conditions  of  the  problem.    The  power  of  the  running 
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lear  depends  on  the  steam  pressure,  on  the  area  of  the  piston, 
n  the  diameter  of  the  drivers,  and  on  the  ratio  of  crank-pin 
adius  to  wheel  radius,  or  of  stroke  to  driver  diameter.     It 
i  always  possible  to  increase  one  or  more  of  these  elements 
►y  a  relatively  small  increase  of  expenditure  until  the  cylinders 
re  able  to  make  the  drivers  slip,  assuming  a  sufficiently  great 
esistance.    Since  the  power  of  the  engine  is  limited  by  the 
K)wer  of  its  weakest  feature,  and  since  the  running  gear  is  the 
Qost  easily  controlled  feature,  the  power  of  the  running  gear 
or  the  "cylinder  power")  is  always  made  somewhat  excessive 
in  all  well-designed  engines.     It  indicates  a  badly  designed 
ngine  if  it  is  stalled  and  unable  to  move  its  drivers,  the  steam 
>res8ure  being  normal.     If  it  is  attempted  to  use  a  freight-r 
ngine  on  fcLst  passenger  service,  it  will  probably  fail  to  attain 
he  desired  speed  on  account  of  the  steam  pressure  falling, 
?he  tractive  power  and  cylinder  power  are  superabundant,  but 
he  boiler  cannot  make  steam  as  fast  as  it  is  needed  for  high 
peed,  especially  when  the  drivers  are  small.     The   practical 
esult  would  be  a  comparatively  low  speed  kept  up  with  a  forced 
re.     If  it  is  attempted  to  use  a   high-speed  passenger-engine 
n  heavy  freight  service,  the  logical  result  is  a  slipping  of  the 
rivers  until  the  load  is  reduced.     The  boiler  power  and  cylinder 
.ower  are  ample,  but  the  weight  on  the  drivers  is  so  small  that 
he  tractive  power  is  only  sufficient  to  draw  a  comparatively 
tnall  load. 
These  relations  between  boiler,  cylinder,  and  tractive  power 
re   illustrated   in  the  following   comparative  figures  referring 
3  a  fast  passenger-engine,  a  heavv  freight-engine,  and  a  switch- 
\g-engine.     The  weights  of  the  passenger-  and  freight-engines 
re  about  the  same,  but  the  passenger-engine  has  only  74%  * 


Cylinders. 

Total 
Wght. 

Wt.  on 
Driv'rs 

Heat- 
ing 
Sur- 
face, 

sq.  ft. 

1831.8 
1498.3 
1498.0 

Grate 

area 

sq.  ft. 

Steam 
Pres- 
sure in 
Boiler. 

Stroke. 

Kind. 

Diam. 
Driver. 

ist  passenger . 
eavy  freight . 
ritchcr 

19"X24" 
20"X24" 
19"X24" 

126700 
128700 
109000 

81500 
112600 
109000 

26.2 
31.5 
22.8 

180 
140 
160 

^-   31 
78     -^^ 

?-^=   48 
50     -^^ 

24 

♦  Computed  from  Eq.  103. 
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of  the  tractive  power  of  the  freight.  But  the  pasaenger-engiBe 
has  22%  more  heating-surface  and  can  generate  steam  much 
faster;  it  makes  less  than  two-thirds  as  many  strokes  in  cover- 
ing a  given  distance,  but  it  runs  at  perhaps  twioe  the  speed 
and  probably  consumes  steam  much  faster.  The  switch- 
engine  is  lighter  in  total  weight,  but  the  tractive  power  is  a  littii 
greater  than  the  freight  and  much  greater  than  the 
engine.  While  the  heating-surfaces  of  the  freight-  and 
ing  engines  are  practically  identical,  the  grate  area  of  the  switdn 
is  much  less;  its  speed  is  always  low  and  there  is  but  little  neeei- 
sity  for  rapid  steam  development. 

While  these  figures  show  the  general  tendency  for  the  rdatm 
proportions,  and  in  this^  respect  may  be  considered  as  typing 
there  are  large  variations.  The  recent  enormous  inereaae  ii 
the  dead  weight  of  passenger-trains  has  necessitated  gieifter 
tractive  power.  This  has  been  provided  sometimes  l^  mng 
the  '^  Pacific  "  type,  which  combines  rapid  steaming  capsd^ 
and  great  tractive  power.  On  the  other  hand,  the  Hainim^^  {■ 
fast-freight  service,  and  the  possibility  of  safely  operating  tuA 
trains  by  the  use  of  air-brakes,  has  required  that  heavy  fiejg^ 
engines  shall  be  run  at  comparatively  high  speeds,  and  tivt 
requires  the  rapid  production  of  steam,  large  grate  areas  aid 
heating  surfaces.  But  in  spite  of  these  variations,  the  nomHl 
standard  for  passenger  service  is  a  four-driver  engine  caxrya^ 
about  two-thirds  of  the  weight  of  the  engine  on  the  drifvik 
which  are  very  large;  the  normal  standard  for  freight  woikii 
an  8-driver  engine  with  perhaps  90%  of  the  weight  on  Ail 
drivers,  which  are  small,  but  which  must  have  the  pony  tradk 
for  such  speed  as  it  uses;  and  finally  the  normal  standaidtel 
switching  service  has  all  the  weight  on  the  drivers  and  has 
paratively  low  steam-producing  capacity. 

415.  Life  of  Locomotives.  The  life  of  loogimotiveB  (miI 
whole)  may  be  taken  as  about  800000  miles  or  about  22  to  HJ 
years.  While  its  life  should  be  and  is  considered  as  the  peanodl 
between  its  construction  and  its  final  consignment  to  the 
pile,  parts  of  the  locomotive  may  have  been  renewed 
than  once.  The  boiler  and  fire-box  are  especially  subject 
renewal.  The  mileage  life  is  much  longer  than  formeriy. 
is  due  partly  to  better  design  and  partly  to  the  custom 
drawing  the  fires  less  frequently  and  thereby  avoiding 
of  the  destructive  strains  caused  by  extreme  al  enMkm 
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heat   and   cold.     Recent   statistics   give  the  average   annual 
mileage  on  twenty-three  leading  roads  to  be  41000  miles. 

CARS. 

416.  Capacity  and  size  of  cars.    The  capacity  of  freight-cars 
has  been  enormously  increased  of  late  years.    In  1870  the  usual 
Hve-load  capacity  for  a  box-car  was  about  20000  lbs.     In  1916, 
out  of  58299  box  cars  owned  by  the  Pennsylvania  R.  R.,  32923 
or  56%  had  a  capacity  of  100000  or  over;  49597  or  85%  had  a 
capacity  70000  or  over;  only  555,  less  than  1%,  had  a  capacity 
of  less  than  60000  lbs.,  and  the  most  of  these  were  refrigerator 
cars  or  cars  for  special  service.    The  Norfolk  &  Western  R.  R. 
had  (in  1916),  750  gondola  drop-bottom  coal  cars,  each  with  a 
nominal  capacity  of  180000  lbs.;    their  length  is  46  feet  10} 
inches,  and  the  extreme  width  10  feet  4i  inches.    These  cars 
are  carried  on  six-wheel  trucks.     The  usual  width  of  freight- 
cars  is  about  9  to  10  feet,  while  parlor-cars  and  sleepers  are 
generally  10  feet  wide  and  sometimes  11  feet.    The  highest 
point  of  a  train  is  usually  the  smokestack  of  the  locomotive, 
which  is  generally  15  feet  above  the  rails  and  occasionally  over 
16  feet.     A  sleeping-car  usually  has  the  highest  point  of    the 
car  about  14  feet  above  the  rails.     Box-cars  are  usually  about 
8  feet  high  (above  the  sills),  with  a  total  height  of  13  to  14  feet. 
Some  furniture  and  automobile  cars,  whose  irnit  Uve  load  per 
cubic  foot  of  space  is  not  high,  have  a  total  height  of  over  15  feet. 
The  average  length  of  freight  cars,  as  required  in  the  desi^  of 
freight  yards,  is  now  considered  to  be  42  feet;  the  allowance  for 
each  car  was  formerly  40  feet.    The  P.  R.  R.  standards  vary 
between  38  feet  1  inch  and  44  feet  6  inches  in  length.     Day 
coaches  have  an  extreme  length  varying  from  45  to  80  feet.     An 
80-foot  all-steel  coach  weighs  about  118000  lbs.  and  has  a  seating 
capacity  of  88.     Allowing  the  high  average  weight  of  150  lbs., 
the  maximimi  Uve  load  would  be  13200  lbs.,  a  Uttle  over  11%  of 
the  dead  load,  which  shows  that  the  tractive  force  required  to 
haul  the  car  will  be  almost  constant,  whether  the  car  is  full  or 
empty.     A  dining-car  may  weigh  150000  lbs.  and  a  sleeper  even 
more.     The  weight  of  the  25  or  30  passengers  it  may  carry  is 
hardly  worth  considering  iu  comparison. 

417.  Stresses  to  which  car-frames  are  subjected.  A  car 
is  structurally  a  truss,  supported  at  points  at  some  distance 
from   the  ends  and  subjected  to  transverse  stress.     There  is, 
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therefore,  a  change  of  flp>:ure  at  ivo  points  between  the  tnirk^ 
Besides  this  stress  the  floor  is  snlijeeted  to  comprearicot  whn 
the  ears  are  suddenly  stopiM^d  and  to  tension  when  in  ordinait 
motion,  the  t^iujion  being  greater  aa  the  traia 
ftreater  and  as  the  car  is  nearer  the  CDgtne.  Ilie  rfyrnW,  jui, 
and  Huddon  strains  to  which  the  cai-frajnes  are  subjected  he 
very  much  harder  on  them  than  the  mere  static  strainu  due  to  ' 
their  maximum  loads  if  the  loads  iTcre  qiiieisceDt.  ConBequentlj  ; 
any  ealculations  baKcd  on  the  static  loads  are  pracUcallj  viiiit-  ] 
leas,  except  tts  a  very  rough  K^ide,  and  previous  expenente  i 
must  be  relied  on  in  dengning  car  bodiei.  As  evidenoe  of  tbt  | 
increasing  demand  for  strength  in  etu'-frames,  it  lias  been  k- 
ccDtly  observed  that  freigbt'Cara,  built  some  yean  ago  sod 
built  alniost  entirely  of  wood,  arc  requiring  repairs  of  woodm 
parts  which  have  been  crusktd  in  service,  the  wood  beii^  per- 
fectly Koiuid  aa  regards  decay,  ' 
-  418.  The  use  of  metsL    The  use  of  metal  in  car 


is  very  rapidly  increaising.  I'he  demand  for  greater  atmogtli 
in  car-frames  has  grown  until  the  wooden  framing  has  beeonK 
so  heavy  that  it  is  found  possible  to  make  steel  frames  and 
tiTicks  at  a  small  additional  eost,  the  steel  frames  b^ng  twice 
as  strong  nnd  yet  reducing  the  dead  iveight  of  the  car  about 
5000  lbs.,  n  ronsideralion  of  no  small  value,  especially  on  roadi 
having  heavy  grades.  Another  rea-^oii  for  the  inct^asing  use 
of  metal  is  the  great  rcduetiou  iu  the  price  of  railed  or  piewed 
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steel,  while  the  cost  of  weed  is  possibly  higher  than  before. 
The  advocates  of  the  use  of  steel  advise  steel  floors,  sides,  etc. 
For  box-cars  a  woodfen  floor  has  advantages.  For  ore  and 
Boa,l-cars  an  all-metal  construction  has  advantages.  (Fig.  200.) 
In  Germany,  where  steel  frames  have  been  almost  exclusively 
in  use  for  many  years,  they  have  not  yet  been  able  to  determine 
the  normal  age  limit  of  such  frames;  none  have  yet  worn  out. 
The  life  is  estimated  at  60  to  80  years 

Brake  beams  are  also  best  made  of  metal  rather  than  wood, 
as  was  formerly  done.  Metal  brake-beams  are  generally  used  on 
ears  having  air-brakes,  as  a  wooden  beam  must  be  excessively 
large  and  heavy  in  order  to  have  sufficient  rigidity. 

Truck-frames  (see  Fig.  201),  whidi  were  formerly  made  prin- 
cipally of  wood,  are  now  Urg^  made  of  piresaed  steel.  It  makes 
a  reduction  in  weight  of  ab6ut  3000  lbs.  per  car.  The  increased 
durability  is  still  an  uncertain  quantity. 

419.  Draft  gear.  The  enormous  increase  in  the  weight  and 
live  load  capacities  of  rolling  stock  have  necessitated  a  corre- 
sponding development  in  draft  gear.  Even  within  recent  years, 
"coal- jimmies,"  carrying  a  few  tons  have  been  made  up  into 
trains  by  dropping  a  chain  of  three  big  links  over  hooks  on  the 
ends  of  the  cars.  But  the  great  stresses  due  to  present  loadings 
would  tear  such  hooks  from  the  cars  or  tear  the  cars  apart  if 
such  cars  were  used  ih  ihe  make-up  of  long  heavy  trains  as  now 
operated.  The  next  stage  in  the  development  of  draft  gear  was 
the  invention  of  the  "spring  coupler,"  by  which  the  energy  due 
to  a  sudden  tensile  jerk  or  the  impact  of  compression  may  be 
absorbed  by  heavy  springs  and  gradually  imparted  to  the  car 
body.  Such  devices,  for  which  there  are  nmny  designs,  seemed 
to  answer  the  purpose  for  cars  of  25  to  40  tons  capacity.  The 
use  of  100,000-pound  steel  cars  soon  proved  the  inadequacy  of 
even  spring  couplers.  The  friction-draft  gear  was  then  in- 
vented. The  general  principle  of  such  a  gear  is  that,  when 
acting  at  or  near  its  maximum  capacity,  it  harmlessly  trans- 
forms into  heat  the  excessive  energy  developed  by  jerks  or 
compression.  There  are  several  different  designs  of  such  gear, 
but  the  general  principle  underlying  all  of  them  may  be  illus- 
trated by  a  descriptk>n  of  the  Westinghouse  draft  gear.  The 
gear  employs  springs  which  have  sufficient  stiffness  to  act  as 
ordinary  spring-couplers  for  the  ordinary  pushing  and  pulling 
of  train  operations.    Sections  of  the  gear  are  shown  in  Fig.  202; 
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whUe  the  method  of  its  application  to  the  framing  of  a  car  of 
the  pressed  steel  type  is  shown  in  Fig.  203,  a  and  b.  When 
the  draft  gear  is  in  tension  the  coupler,  which  is  rigidly  attached 
to  B,  is  drawn  to  the  left,  drawing  the  follower  Z  with  it.  Com- 
pression is  then  exerted  through  the  gear  mechanism  to  the 
follower  A  which,  being  restrained  by  the  shoulders  RR,  against 
which  it  presses,  causes  the  gear  to  absorb  the  compression. 
The  coil-spring  C  forces  the  eight  wedges  n  against  the  eight 
corresponding  segments  E.  The  great  compression  of  these 
surfaces  against  the  outer  shell  produces  a  friction  which  retards 
the  compression  of  the  gear.  The  total  possible  movement  of 
the  gear,  as  determined  by  an  official  test,  was  2.42  inches,  when 
the  maximum  stress  was  180,000  poimds.  The  work  done  in 
producing  this  stress  amounted  to  18,399  foot-pounds.  Of  this 
total  energy  16,666  foot-poimds,  or  over  90%,  represents  the 
amount  of  energy  absorbed  and  dissipated  as  heat  by  the 
frictional  gear.  The  remaining  10%  is  given  back  by  the 
recoil.  The  main  release  spring  K  is  used  for  returning  the 
segments  and  friction  strips  to  their  normal  position  after  the 
force  to  close  them  has  been  removed.  It  also  gives  additional 
capacity  to  the  entire  mechanism.  The  auxiliary  spring  L 
releases  the  wedge  D,  while  the  release  pin  M  releases  the  pres- 
sure of  the  auxiliary  spring  L  against  the  wedge  during  fric- 
tional operation.  If  we  omit  from  the  above  design  the  fric- 
tional features  and  consider  only  the  two  followers  A  and  Z, 
separated  by  the  springs  C  and  K,  acting  as  one  spring,  we  have 
the  essential  elements  of  a  spring-draft  gear.  In  fact,  this 
gear  acts  exactly  like  a  spring-draft  gear  for  all  ordinary  service, 
the  frictional  device  only  acting  during  severe  tension  and  com- 
pression. 

420.  Gauge  of  wheels  and  form  of  wheel-tread. — In  Fig.  204 
is  shown  the  standard  adopted  by  the  Master  Car  Builders* 
Association  at  their  twentieth  annual  convention.  Note  the 
normal  position  of  the  gauge-line  on  the  wheel-tread.  In 
Fig.  118,  §  267,  the  relation  of  rail  to  wheel-tread  is  shown 
on  a  smaller  scale.  It  should  be  noted  that  there  is  no  definite 
position  where  the  wheel-flange  is  absolutely  "chock-a-block" 
against  the  rail.  As  the  pressure  increases  the  wheel  moimts 
a  little  higher  on  the  rail  until  a  point  is  soon  reached  when  the 
resistance  is  too  great  for  it  to  mount  stiU  higher.  By  this 
means  is  avoided  the  shock  of  imyielding  impact  when  the  car 


ItAllJtOAS  CONBTBUCTIOlf.  fi4S 


§421.  ROLLiNqhSTOCK.  461 

sways  from  side  to  side.  When  the  gauge  between  the  inner 
faces  of  the  wheels  is  greater  or  less  than  the  limits  given  in 
the  figure,  the  interchange  rules  of  the  Master  Car  Builders' 
Association  authorize  a  road  to  refuse  to  accept  a  car  from 
another  road  for  transportation.  At  junction  points  of  rail- 
roads inspectors  are  detailed  to  see  that  this  rule  (as  well  as 
many  others)  is  complied  with  in  respect  to  all  cars  offered 
for  transfer. 

TRAIN-BRAKES. 

421.  Introductioxi.  Owing  to  the  very  general  misappre- 
hension that  exists  regarding  the  nature  and  intensity  of  the 
action  of  brakes,  a  complete  analysis  of  the  problem  is  con- 
sidered justifiable.  This  misapprehension  is  illustrated  by  the 
common  notion  (and  even  practice)  that  the  effectiveness  of 
braking  a  car  is  proportional  to  the  brake  pressure,  and  there- 
fore a  brakeman  is  frequently  seen  using  a  bar  to  obtain  a 
greater  leverage  on  the  brake-wheel  and  using  his  utmost 
strength  to  obtain  the  maximum  pull  on  the  brake-chain  whilft 
the  car  is  skidding  along  with  locked  wheels. 

When  a  vehicle  is  moving  on  a  track  with  a  considerable 
velocity,  the  mass  of  the  vehicle  possesses  kinetic  energy  of 
translation  and  the  wheels  p)Ossess  kinetic  energy  of  rotation. 
To  stop  the  Vehicle,  this  energy  must  be  destroyed.  The 
rotary  kinetic  energy  will  vary  from  about  4  to  8%  of  the 
kinetic  energy  of  translation,  according  to  the  car  loading 
(see  }  435).  On  steam  railroads  brake  action  is  obtained  by 
pressing  breJ^e^shoes  against  car-wheel  treads.  As  the  brake- 
shoe  pressure  ihcreases,  the  brake-shoes  retard  with  increasing 
force  the  rotaty  action  of  the  wheels.  As  long  as  the  wheels 
do  not  slip  or  "skid"  on  the  rails,  the  adhesion  of  the  rails 
forces  them  to  rotate  with  a  circumferential  velocity  equal  to 
the  train .  velocity.  The  retarding  action  of  the  brake-sho« 
checks  first  the  rotative  kinetic  energy  (which  is  small),  and 
the  remainder  develops  a  tendency  for  the  wheel  to  slip  on  the 
rail.  Since  the  rotative  kinetic  energy  is  such  a  small  per- 
centage of  the  total,  it  will  hereafter  be  ignored,  except  as 
specifically  stated,  and  it  will  be  assumed  for  simplicity  that 
the  only  work  of  the  brakes  is  to  overcome  the  kinetic  energy 
of  translation.  The  possible  effect  of  grade  in  assisting  or 
preventing  retardation,  and  the  effect  of  all  other  track  resist- 
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ances,  is  also  ignored.  The  amount  of  the  developed  force 
which  retards  the  train  movement  is  limited  to  the  possible 
adhesion  or  static  friction  between  the  wheel  and  the  rail. 
When  the  friction  between  the  brake-shoe  and  the  wheel  ex- 
ceeds the  adhesion  between  the  wheel  and  the  rail,  the  wheel 
skids,  and  then  the  friction  between  the  wheel  and  the  rail 
at  once  drops  to  a  much  lesss  quantity.  It  must  therefore  be 
remembered  at  the  outset  that  the  retarding  action  of  brake- 
shoes  on  wheels  as  a  means  of  stopping  a  train  is  absolutely 
limited  by  the  possible  static  friction  between  the  braked 
wheels  and  the  rails. 

422.  Laws  of  friction  as  applied  to  this  problem.  Much  of 
the  misapprehension  regarding  this  problem  arises  from  a  very 
common  and  widespread  misstatement  of  the  general  laws  of 
friction.  It  is  frequently  stated  that  friction  is  independent 
of  the  velocity  and  of  the  imit  of  pressure.  The  first  of  these 
so-called  laws  is  not  even  approximately  true.  A  very  exhaus- 
tive series  of  tests  were  made  by  Capt.  Douglas  Gait  on  on  the 
Brighton  Railway  in  England  in  1878  and  1879,  and  by  M. 
Greorge  Mari6  on  the  Paris  and  Lyons  Railway  in  1879,  with 
trains  which  were  specially  fitted  with  train-brakes  and  with 
dynagraphs  of  various  kinds  to  measure  the  action  of  the 
brakes.  Experience  proved  that  variations  in  the  condition  of 
the  rails  (wet  or  dry),  and  numerous  irregularities  incident  to 
measuring  the  forces  acting  on  a  heavy  body  moving  with  a 
high  velocity,  were  such  as  to  give  somewhat  discordant  re- 
sults, even  when  the  conditions  were  made  as  nearly  identical 
as  possible.  But  the  tests  were  carried  so  far  and  so  persist- 
ently that  the  general  laws  stated  below  were  demonstrated 
beyond  question,  and  even  the  numerical  constants  were  deter- 
mined as  closely  as  they  may  be  practically  utilized.  These 
laws  may  be  briefly  stated  as  follows: 

(a)  The  coefficient  of  friction  between  cast-iron  brake-blocks 
and  steel  tires  is  about  .3  when  the  wheels  are  "just  mov- 
ing"; it  drops  to  about  .16  when  the  velocity  is  about  30  miles 
per  hour,  and  is  less  than  .10  when  the  velocity  is  60  miles  per 
hour.  These  figures  fluctuate  considerably  with  the  condition 
of  the  rails,  wet  or  dry. 

(b)  The  coefficient  of  friction  is  greatest  when  the  brakes 
are  first  applied;  it  then  reduces  very  rapidly,  decreasing 
nearly  one  third  after  the  brakes  have  been  applied  10  seconds, 
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and  dropping  to  nearly  one  half  in.  the  eonrae  of  20  aeoendft 

Although  the  general  truth  of  this  law  was  estabKahed  beyond 
question,  the  testes  to  demonstrate  the  law  of  the  vaiiaticn  d 
friction  with  time  of  application  were  too  lew  to  deteraiiM 
accurately  the  numerical  constants. 

(c)  The  friction  of  skidded  wheels  on  rails  is  alwa3ir8  yetj 
much  less  than  the  adhesion  when  the  wheel  is  rollmg  on  tks 
rail — sometimes  less  than  one  third  as  much. 

(d)  An  analysis  of  the  tests  all  pointed  to  a  law  that  tke 
friction  developed  does  not  increase  as  rapidly  as  the  irUenmi^ 
of  pressure  increases,  but  this  may  hardly  be  eonsidevBd  M 
an  established  law. 

(e)  The  adhesion  between  the  wheel  and  the  rail  appean  to 
be  independent  of  velocity.  The  adhesion  here  meana  the  Ions 
that  must  be  developed  before  the  wheel  will  slip  on  the  nfl. 

The  practical  effect  of  these  laws  is  shown  by  the  followiiif 
ob8en''ed  phenomena: 

(a)  When  the  brakes  are  first  applied  (the  v^ocity  bei^ 
very  high),  a  brake  pressure  far  in  exeess  of  the  weight  on  the 
wheel  (even  three  or  four  times  as  much)  may  be  applied  wHI^ 
out  skidding  the  wheel.  This  is  paHly  due  to  the  fact  ttnl 
the  wheel  has  a  very  high  rotative  kinetic  eneigy  (which  Tariet 
as  the  square  of  the  velocity,  and  which  must  be  overeoaft 
first),  but  it  is  chiofiy  due  to  the  fact  that  the  coefRoient  of 
friction  at  the  higher  velocity  is  very  small  (at  60  miles  pw 
hour  it  is  about  .07),  while  the  adhesion  between  the  wheel  and 
the  rail  is  independent  of  the  velocity. 

(h)  As  the  velocity  decreases  the  brake  piesBure  Hiuet  be 
decreased  or  the  wheels  will  skid.  Although  the  friction  d^ 
creases  with  the  time  required  to  stop  and  increases  with  the 
reduction  of  speed,  and  these  two  effects  tend  to  neutmfiie 
each  other,  yet  imless  the  stop  is  very  slow,  the  increase  ia 
friction  due  to  reduction  of  speed  is  much  greater  than  the 
decrease  due  to  time,  and  therefore  the  brake  pvcssim  moil 
not  be  greater  than  the  weight  on  the  wheel,  unless  momentatif 
while  the  speed  is  still  ver>'  high. 

(c)  The  adViesion  between  wheels  and  rails  varies  from  JD 
to  .25  and  over  when  the  rail  is  dry.  When  wet  and  slippeiy 
it  may  fall  to  .18  or  even  .15.  The  use  of  sand  will  always 
raise  it  above  .20,  and  on  a  dry  rail,  when  the  sand  is  not  blowB 
away  by  ^unnd,  it  may  raise  it  to  .35  or  even  .40. 
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(d)  Experiments  were  made  with  sm  automatic  valve  by 
which  the  brake-shoe  pressure  against  the  wheel  should  he 
reduced  as  the  friction  increased,  but  since  (1)  the  essential 
requirement  is  that  the  friction  produced  by  the  brake-shoes 
shall  not  exceed  the  adhesion  between  r^il  and  wheel,  and 
since  (3)  the  rail-wheel  adhesion  is  a  very  variable  quantity, 
depending  on  whether  the  rail  is  wet  or  dry,  it  has  been  found 
impraotieable  to  use  such  a  \»alve,  and  that  the  best  plan  is  to 
leave  it  to  the  engineer  to  vary  the  pressure,  if  necessary,  by  the 
use  of  the  brake-valve. 

MECHANISM   OF  BRA|C£a. 

433.  Hsnd^lM'akes.  The  old  style  of  brakes  consists  of  brake- 
shoes  of  son^  type  which  are  pressed  against  the  wheel-treads 
by  means  of  «•  brake-beam,  which  is  operated  by  means  of  a 
hand-windlass  and  chain  operating  a  set  of  levers.  It  is  desir- 
able that  brakes  shall  not  be  set  so  tightly  that  the  wheels 
shall  be  locked,  and  then  slide  over  the  track,  producing 
flat  places  on  them,  which  are  very  destructive  to  thie 
rolling-stock  and  track  afterward,  on  account  of  the  impact 
occasioned  at  each  revolution.  With  air-brakes  the  maximum 
pressure  of  the  brake-shoes  can  be  quite  carefully  regulated, 
and  they  are  so  designed  that  the  maximum  pressure  exerted 
by  any  pair  of  brake-shoes  on  the  wheels  of  any  axle  shall  not 
exceed  a  certain  per  cent,  of  the  weight  carried  by  that  axle 
when  the  car  is  empty,  90%  being  the  figure  usually  adopted 
for  passenger-cars  and  70%  for  freight-cars.  Consider  the 
case  of  a  freight-car  of  100000  lbs.  capacity,  weighing  33100  lbs., 
or  8275  lbs.  on  an  axle,  and  equipped  with  a  hand-brake  which 
operates  the  levers  and  brake-beams,  which  are  sketched  in 
Fig,  205.  •  The  dead  weight  on  an  axle  is  8275  lbs,;  70%  of 
ihis  is  5792  lbs.,  which  is  the  maximum  allowable  pressure 
per  brake-beam,  or  2896  lbs,  per  brake-shoe.  With  the  dimen- 
sions shown,  such  a  pressure  will  be  produced  by  a  pull  of  about 
1158  lbs.  on  the  brak&'Chain.  The  power  gained  by  the  brake- 
wheel  is  not  equal  to  the  ratio  of  the  brake-wheel  diameter 
to  the  diameter  of  the  shaft,  about  which  the  brake-chain 
winds,  which  is  about  16  to  IJ.  The  ratio  of  the  circianfer- 
enee  of  the  brake-wheel  to  the  length  of  chain  wound  up  by 
one  complete  turn  would  be  a  closer  figure.     The  loss  of  eflfi- 
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cicncy  in  such  a  clumsy  mechanism  also  reduces  the  effective 
ratio.  Assuming  the' effective  ratio  as  C:l  it  would  require  • 
pull  of  193  lbs.  at  the  circumference  of  the  braJce-wheel  to 
exert  1158  lbs.  pull  on  the  brake-chain,  or  5792  Ibe.  prcflBure 
on  the  wheels  at  B,  and  even  this  will  not  lock  the  wheda  when 
the  car  is  empty,  much  less  when  it  is  loaded.  -Note  that  the 
pressures  at  A  and  B  are  unequal.  This  is  somewhat  objec- 
tionable, but  it  is  imavoidable  with  this  simple  form  of  bnk^ 
beam.  More  complicated  forms  to  avoid  this  are  sometimea 
used.  Hand-brakes  are,  of  course,  cheapest  in  first  cost,  and 
even  ^\dth  the  best  of  automatic  brakes,  additional  mechanism 
to  operate  the  brakes  by  hand  in  an  emergency  is  always  pro- 
vided, but  their  slow  operation  when  a  quick  stop  ia  defljied 
makes  it  exceedingly  dangerous  to  attempt  to  run  a  train  at 
high  speed  unless  some  automatic  brake  directly  under  ths 
control  of  the  engineer  is  at  hand.    The  great  incrcaae  in  the 


Fig,  205. — Sketch  op  Mechanism  of  Hajcd-brakb. 


average  velocity  of  trains  during  recent  j'ears  has  tmly 
rendered  possible  by  the  invention  of  automatic  brakes. 

424.  "Straight"  air-brakes.     The  essential  constructive 
tures  of  this  form  of  brake  are  (1)  an  air-pump  on  the 
operated  by  steam,  which  compresses  air  into  a  reservoir 
the  engine;    (2)  a  "brake-pipe"  running  from  the 
to  the  rear  of  the  engine  and  pipes  running  under  each 
the  pipes  having  flexible  connections  at  the  ends  of  the 
and  engine;    (3)  a  cylinder  and  piston  under  each  car  which 
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operates  the  brakes  by  a  system  of  levers,  the  cylinder  being 
connected  to  the  brake-pipe.  The  reserv'^oir  on  the  engine 
holds  compressed  air  at  about  45  lbs.  pressure.  To  operate  the 
brakes,  a  valve  on  the  engine  in  opened  which  allows  the  com- 
pressed air  to  flow  from  the  reservoir  through  the  brake-pipe 
to  each  cylinder,  moving  the  piston,  which  thereby  moves  the 
levers  and  applies  the  brakes.  The  dejects  of  this  system  are 
many:  (1)  With  a  long  train,  considerable  time  is  required  for 
the  air  to  flow  from  the  reservoir  on  the  engine  to  the  rear  cars, 
and  for  an  emergency-stop  even  this  delay  would  often  be 
fatal;  (2)  if  the  train  breaks  in  two,  the  rear  portion  is  not 
piovided  with  power  for  operating  the  brakes,  and  a  dangerous 
collision  would  often  be  the  result;  (3)  if  an  air-pipe  coupling 
bursts  under  any  car,  the  whole  system  becomes  absolutely 
helpless,  and  as  such  a  thing  might  happen  during  some  emer- 
gency, the  accident  would  then  be  especially  fatal. 

This  form  of  brake  has  almost,  if  not  entirelj',  passed  out  of 
use.  It  is  here  briefly  described  in  order  to  show  the  logical 
development  of  the  form  which  is  now  in  almost  universal  use, 
the  automatic. 

425.  Automatic  air-brakes.  The  above  defects  have  been 
overcome  by  a  method  which  may  be  briefly  stated  as  follows: 
A  resei-voir  for  compressed  air  is  placed  under  each  car  and  the 
tender;  whenever  the  pressure  in  these  reservoirs  is  reduced 
for  any  reason,  it  is  automatically  replenished  from  the  main 
reservoir  on  the  engine;  whenever  the  pressure  in  the  brake- 
pipe  is  reduced  for  any  cause  (opening  a  valve  at  any  point  of 
its  length,  parting  of  the  train,  or  bursting  of  a  pipe  or  coupler), 
valves  are  automatically  moved  under  each  car  to  operate  the 
piston  and  put  on  the  brakes.  All  the  brakes  on  the  train  are 
thus  applied  almost  simultaneously.  If  the  train  breaks  in  two, 
both  sections  will  at  once  have  all  the  brakes  applied  automati- 
cally ;  if  a  coupling  or  pipe  bursts,  the  brakes  are  at  once  applied 
and  attention  is  thereby  attracted  to  the  defect;  if  an  emer- 
gency should  arise,  such  that  the  conductor  desires  to  stop 
the  train  instantly  without  even  taking  time  to  signal  to  the 
engineer,  he  can  do  so  by  opening  a  valve  placed  on  each  car, 
which  admits  air  to  the  train-pipe,  which  will  set  the  brakes 
on  the  whole  train,  and  the  engineer,  being  able  to  discover 
instantly  what  had  occurred,  would  shut  off  steam  and  do 
whatever  else  was  necessary  to  stop  the  train  as  quickly  as  pos- 
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siblef  The  most  important  and  essential  detail  of  this  system 
is  the  "automatic  triple  valve"  placed  under  each  car.  Quot' 
ing  from  the  Westinghouse  Air-brake  Company's  Instnictioa 
Book,  "A  modeiate  reduction  of  air  pressure  in  the  train-^pipe 
causes  the  greater  pressure  remaining  stored  in  the  auxfliuy 
reservoir  to  force  the  piston  of  the  tripile  valve  and  its  slide* 
valve  to  a  position  which  vnH  allow  the  air  in  the  auxflisiy 
reservoir  to  pass  directly  into  the  brake-cylinder  and  apply  the 
brake.  A  sudden  or  violent  reduction  of  the  air  in  the  train* 
pipe  produces  the  same  effect,  and  in  addition  causes  supple- 
mental valves  in  the  triple  valve  to  be  opened,  permitting  tin 
pressure  from  the  train-pipe  to  also  enter  the  brake-cylinder^ 
augmenting  the  pressure  derived  from  the  auxiliary  reservoir 
about  20%,  producing  practically  instantaneous  action  of  titf 
brakes  to  their  highest  efficiency  throughout  the  entire  traiii. 
When  the  pressure  in  the  brake-pipe  is  again  restored  to  «b 
amount  in  excess  of  that  remaining  in  the  auxiliary  reservoir, 
the  piston-  and  slide-valves  are  forced  in  the  opposite  direction 
to  their  nonnal  position,  opening  communication  from  the  traiiH 
pipe  to  the  auxihary  reservoir,  and  permitting  the  air  in  the 
brake-cylinder  to  escape  to  the  atmosphere,  thus  releasing  the 
brakes.  If  the  engineer  wishes  to  apply  the  brake,  he  movee 
the  handle  of  the  engineer's  brake-valve  to  the  right,  which 
first  closes  a  port,  retaining  the  pressure  in  the  main  reservoir, 
and  then  permits  a  portion  of  the  air  in  the  train-pipe  to  escape. 
To  release  the  brakes,  he  moves  the  handle  to  the  emtfeme 
left,  which  allows  the  air  in  the  main  reservoir  to  flow  freely 
into  the  brake-pipe,  restoring  the  pressure  therein.*' 

426.  Tests  to  measure  the  efficiency  of  brakes.  Let  v  repr^ 
sent  the  velocity  of  a  train  in  feet  per  second;  TT,  its  weight; 
F,  the  retarding  force  due  to  the  brakes;  d,  the  distance  in  feel 
required  to  make  a  stop;  and  g,  the  acceleration  of  gravity 
(32.16  feet  per  square  second);  then  the  kinetic  energy  pos^ 
sesscd  by  the  train  (disregarding  for  the  present  the  rotative 

kinetic  energy  of  the  wheels)  =--s—.    The  work  done  in  stop- 

ping  the  train  =Fd.     ,*.  Fd  =  -s— •    The  ratio  of  the  retaidiiv 

force  to  the  weight, 

F      V*  V* 
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n  order  to  compare  tests  made  under  varying  conditions,  the 
atio  F-^W  should  be  corrected  for  the  effect  of  grade  (  +  or  — ), 
r  any,  and  also  for  the  proportion  of  the  weight  of  the  train 
^hich  is  on  braked  wheels.  For  example,  a  train  weighed 
46076  lbs.,  the  proportion  on  braked  wheels  was  67%,  speed 
lO  feet  per  second,  length  of  stop  450  feet,  track  level.  Sub- 
tituting  these  values  in  the  above  formula,  we  find  (F-i-W) 
=  .124.  This  value  is  really  unduly  favorable,  since  the  ordi- 
lAry  track  resistance  helps  to  stop  the  train.  This  has  a  value 
f  from  6  to  20  lbs.  per  ton,  averaging  say  10  lbs.  per  ton  dur- 
ng  the  stop,  or  .005  of  the  weight.  Since  the  effect  of  this  is 
mall  and  is  nearly  constant  for  all  trains,  it  may  be  ignored 
ti  comparative  tests.  The  grade  in  this  case  was  level,  and 
herefore  grade  had  no  effect.  But  since  only  67%  of  the 
weight  was  on  braked  wheels,  the  ratio,  on  the  basis  of  all  the 
wheels  braked,  or  of  the  weight  reduced  to  that  actually  on 
he   braked  wheels,  is  0.124  -^  .67.  =  0.185.     This  was  called 

"  good "  stop,  although  as  high  a  ratio  as  0.200  has  been 
btained. 

427.  Brake-shoes.  Brake-shoes  were  formerly  made  of 
wrought  iron,  but  when  it  was  discovered  that  cast-iron  shoes 
/^ould  answer  the  purpose,  the  use  of  wrought-iron  shoes  was 
bandoned,  since  the  cast-iron  shoes  are  so  much  cheaper.  A 
heap  practice  is  to  form  the  brake-shoe  and  its  head  in  one 
iece,  which  is  cheaper  in  first  cost,  but  when  the  wearing-sur^ 
ace  is  too  far  gone  for  further  use,  the  whole  casting  must  be 
enewed.  The  "Christie"  shoe,  adopted  by  the  Master  Car 
Guilders'  Association  as  standard,  has  a  separate  shoe  which 
5  fastened  to  the  head  by  means  of  a  wrought-iron  key.  The 
hoe  is  beveled  J"  in  a  width  of  3J"  to  fit  the  coned  wheel, 
'his  is  a  greater  bevel  than  the  standard  coning  of  a  car-wheel, 
t  is  perhaps  done  to  allow  for  some  bending  of  the  brake- 
•eam  and  also  so  that  the  maximum  pressure  (and  wear)  should 
ome  on  the  outside  of  the  tread,  rather  than  next  to  the  flange, 
^here  it  might  tend  to  produce  sharp  flanges.  By  concen- 
rating  the  brake-shoe  wear  on  the  outer  side  of  the  tread,  the 
iesLT  on  the  tread  is  more  nearly  equalized,  since  the  rail  wears 
he  wheel-tread  chiefly  near  the  flange.  This  same  idea  is 
eveloped  still  further  in  the  "flange-shoes,''  which  have  a 
urved  form  to  fit  the  wheel-flange  and  which  bear  on  the 
^heel  on  the  flange  and  on  the  outside  of  the  tread.    It  is 
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claimed  that  by  this  means  the  standard  form  of  the  treai 
better  preserved  than  when  the  wear  is  entirely  on  the  tn 
The  Congdon  brake-shoe  is  one  of  a  t3'pe  in  which  'wroui 
iron  pieces  are  inserted  in  the  face  of  a  cast-iron  shoe.  I 
claimed  that  these  increase  the  life  of  the  shoe. 


.r 


CHAPTER  XVI. 
TRAIN  RESISTANCE. 

I  /•' 

428.  Classification,  of  the  various  forms.  The  various  resist- 
ances which  must  bo  overcome  by  the  power  of  the  locomotive 
may  be  classified  as  follows: 

(a)  Resistances  internal  to  the  locomotive,  which  include  fric- 
tion of  the  valve-gear,  piston-  and  connecting-rods,  journal 
friction  of  the  drivers;  also  all  the  loss  due  to  radiation,  con- 
densation, friction  of  the  steam  in  the  passages,  etc.  In  short, 
these  resistances  are  the  sum-total  of  the  losses  by  which  the 
power  at  the  circumference  of  the  drivers  is  less  than  the  power 
developed  by  the  boiler. 

(b)  Velocity  resistances,  which  include  the  atmospheric  resist- 
ances on  the  ends  and  sides;  oscillation  and  concussion  resist- 
ances, due  to  uneven  track,  etc. 

(c)  Wheel  resistances,  which  include  the  rolling  friction  be- 
tween the  wheels  and  the  rails  of  all  the  wheels  (including  the 
drivers) ;  also  the  journal  fricticMi  of  all  the  axles,  except  those 
of  the  drivers. 

(d)  Grade  and  curve  resistances,  which  include  those  resist- 
ances which  are  due  to  grade  and  to  curves,  and  which  are  not 
found  on  a  straight  and  level  track. 

(e)  Brake  resistances.  As  shown  later,  brakes  consume 
power  and  to  the  extent  of  their  use  increase  the  energy  to 
be  developed  by  the  locomotive. 

(/)  Inertia  resistances.  The  resistance  due  to  inertia  is  not 
generally  considered  as  a  train  -resistance  because  the  energy 
which  is  stored  up  in  the  train  as  kinetic  energy  may  be  util- 
ized in  overcoming  future  resistances.  But  in  a  discussion 
of  the  demands  on  the  tractive  power  of  the  engine,  one  of  the 
chief  items  is  the  energy  required  to  rapidly  give  to  a  starting 
train  its  normal  velocity.  This  is  especially  true  of  subm-ban 
trainS|  which  must  acquire  speed  very  quickly  in  order  that 

47; 
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their  general  average  speed  between  termini  may  be  even  reaaoo- 
ably  fast. 

429.  Resistance  internal  to  the  locomotive.  These  are  re- 
sistances which  do  not  tax  the  adhesion  of  the  driven  to  the 
rails,  and  hence  are  frequently  considered  as  not  being  a  part 
of  the  train  resistance  properly  so  called.  If  the  engine  were 
considered  as  lifted  from  the  rails  and  made  to  drive  a  belt 
placed  around  the  drivers,  then  all  the  power  that  reached  the 
belt  would  be  the  power  that  is  ordinarily  available  for  adhe- 
sion, while  the  remainder  would  be  that  consumed  intemaDy 
by  the  engine.  The  power  developed  by  an  engine  may  be 
obtained  by  taking  indicator  diagrams  which  show  the  actnil 
steam  pressure  in  a  cylinder  at  any  part  of  a  stroke.  Fhxn 
such  a  diagram  the  average  steam  pressure  is  easily  obtained, 
and  this  average  pressure,  multiplied  by  the  length  of  the  stroke 
and  by  the  n*et  area  of  the  piston,  gives  the  energy  dieveloped 
by  one  half-stroke  of  one  piston.  Four  times  this  product 
divided  by  550  times  the  time  in  seconds  required  for  one  stroke 
gives  the  "  indicated  horse-power "  Even  this  caTcufattioa 
gives  merely  the  power  behind  the  piston,  which  is  several  per 
cent,  greater  than  the  power  which  reaches  the  circumfenBee 
of  the  drivers,  owing  to  the  friction  of  the  piston,  pistoiHrod, 
cross-head,  connecting-rod  })earings,  and  driving-wheel  jour- 
nals. (See  §  411,  Chapter  XV.)  By  measuring  the  ^troji^ 
of  water  used  and  turned  into  steam,  and  by  noting  the  boiler 
pressure,  the  energy  possessed  by  the  steam  wvd.  is  readSIr 
computed.  The  indicator  diagrams  auU  show  the  amount  d 
steam  that  has  been  effective  in  producing  power  at  the  cyfia- 
ders.  The  steam  accounted  for  by  the  diagrams  will  ordbumtjr 
amount  to  80  or  85^.  of  the  steam  developed  by  the  bolkr, 
and  the  other  15  or  20^0  represents  the  loss  of  energy  due  to 
radiation,  condensation,  etc. 

Locomotive  resistance  has  been  estimated  and  tabulated  faji 
Committee  of  the  Amer.  Hwy.  Eng.  Assoc,  and  the  results  «• 
given  in  Table  XXIX,  which  is  taken  from  the  Manual  of  Ail 
Association.  As  a  numerical  illustration,  what  is  the  oompoted 
resistance  for  a  Mikado  locomotive  of  which  the  total  weight  of 
engine  and  tender  is  315,000  lbs.  of  which  153,200  lbs.  is 
on  the  drivers,  at  a  velocity  of  C  miles  per  hour?  In  this 
Item  A  =  (18.7X76.r))  +  (80X4)  =  1432  lbs.  The  weight 
on  the  engine  and  tender  trucks =315,000 -153,200  "161,800 
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>-80.9tons.  IWmB''<2.«X80.9)+<%X6)-'330«t».  Item  C 
is  comparatively  inaigiuficaat  at  this  low  velocitj'.  From  the 
table,  we  read  S  Itn.  Then  the  sum  of  A,  B,  and  C=1771  Ibt., 
which  must  be  aid>tnicted  froDa  a  computed  tractive  efiort  to 
obtain  tiie  eettmated  draw-bar  pull. 

TABLE  XXIX.      LOCOMonVE    nCSlSTAWCBH. 
Total  LocBmolin  lletiilanix=-A+B+C,  in  which 
A  ^rssiBtwice  betwMn  cylinder  Hud  rim  ol  drivers,  uid  in  pouada 

- 18,7  r  +ao  ff 

H  :>Dumbet  Ot  driving  arfpH; 
B  =  tcaiBUnM  q(  engine  and  tender  trucka,  »nd  in  poundi 
-2,6r+20dV 

in  wUiIb  T  -tnU  1>«8M  on  engiDe  iiul  tender  tni^a 
Bod  JT-number  ol  truck  ules: 

-.OCaV'A 

is  which  V  -velocity  in  miles  per  hour,  and 


Draw-bat  pull  on  levOI  tangent  equals  the  cylinder  traoti™  poww  lc« 
(fae  sum  of  the  «D|$ne  redstuwe. 

At  kw  apeeds,  the  ndhesion  of  the  dciTcra  should  be  cenaidered  and  avaij- 
sble  diaw-bar  pull  should  never  be  estimated  greater  than  30%  o{  weight 
CD  drivers  at  starting  with  use  of  sand,  25%  of  weigbt  on  drivers  at  nnudng 

Taken  from  Table  7  in  "  Economics"  section  of  Manual  of  tll6  A-mM. 
Rwy.  Eng.  Anoc.,  1916  edition. 

430.  Velocity  resistance,  (a)  Atmospheric.  This  consists  of 
the  bead  and  tail  resistances  and  the  side  resistance.    The  head 
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and  tail  resistances  are  nearly  constant  for  aD  trains  of  gmi 
velocity,  vaiying  but  slightly  with  the  varying  croBS-BeotioiN 
of  engines  and  cars.  The  side  resistance  varies  with  the  kngdi 
of  the  train  and  the  character  of  the  cars,  box-cars  or  flats,  etc. 
Vestibuling  cars  has  a  considerable  effect  in  reducing  this  aide 
resistance  by  preventing  much  of  the  eddying  of  air-currenia 
between  the  cars,  although  tliis  is  one  of  the  least  of  the  advan- 
tages of  vestibuling.  Atmospheric  resistance  ia  genenQy 
assumed  to  vary  as  the  square  of  the  velocity,  and  althom^ 
this  may  be  nearly  true,  it  has  been  experimentally  demon- 
strated to  be  at  least  inaccurate.  Values  for  head  resiBtanee 
are  given  in  Table  XXIX,  which  are  probably  accurate  enoq^ 
for  all  practical  purposes,  especially  at  ordinary  freight  tnis 
velocities.  A  freight-train  composed  partly  of  flat-can  and 
partly  of  box-cars  will  encounter  considerably  more  atmospheqfi 
resistance  than  one  made  exdupively  of  either  kind,  other  thinp 
being  equal.  The  definite,  idPormation  on  this  subject  is  wy 
unsatisfactory,  but  this  is  possibly  due  to  the  fact  that  it  is  of 
little  practical  importance  to  know  just  how  much  such 
amounts  to. 

(6)  Oscillatory  and  concusaive.  These  resistances 
sidered  to  vary  as  the  square  of  the  velocity.  Probably 
is  nearly,  if  not  quite,  correct  on  the  general  principle  that  such 
resistances  are  a  succession  of  impacts  and  the  force  of  impacti 
varies  as  the  square  of  the  velocity.  These  impacts  are  due  to 
the  defects  of  the  track,  and  even  though  it  were  possible  to 
make  a  precise  determination  of  the  amount  of  this  resistSDce 
in  any  particular  case,  the  value  obtained  would  only  be  trae 
for  that  particular  piece  of  track  and  for  the  particular  d^grae 
of  excellence  or  defect  which  the  track  then  possessed.  Tlie 
general  improvement  of  track  maintenance  during  late  yma 
has  had  a  large  influence  in  increasing  the  possible  trainJond 
by  decreasing  the  train  resistance.  The  expenditure  of  moMf 
to  improve  track  will  give  a  road  a  large  advantage  over  i 
competing  road  with  a  poorer  track,  by  reducing  train  lesiit^ 
ance,  and  thus  reducing  the  cost  of  liandling  traffic. 

431.  Wheel  resistances,  (a)  Rolling  fricUon  of  the  icJfcsA 
To  determine  experimentally  the  rolling  friction  of  wheels 
apart  from  all  journal  friction,  is  a  very  difficult  matter  and 
has  never  been  satisfactorily  accomplished.  Theory  as  mfl 
ss  practice  shows  that  the  higher  and  the  more  perfect  tbt 
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elasticity  of  the  wheel  and  the  surface,  the  less  will  be  the  roll- 
ing friction.  But  the  determination,  if  made,  would  be  of 
theoretical  interest  only. 

The  combined  effect  of  rolling  friction  and  journal  friction 
is  determinable  with  comparative  ease.  From  the  nature  of 
the  case  no  great  reduction  of  the  rolling  friction  by  any  device 
is  possible.  It  is  only  a  very  insignificant  part  of  the  total 
train  resistance. 

(b)  Journal  friction  of  the  axles.  This  form  of  resistance  has 
been  studied  quite  extensively  by  means  of  the  measurement 
of  the  force  required  to  turn  an  axle  in  its  bearings  under 
various  conditions  of  pressure,  speed,  extent  of  lubrication, 
and  temperature.  The  following  laws  have  been  fairly  well 
established:  (1)  The  coefficient  of  friction  increases  as  the  pres- 
sure diminishes;  (2)  it  is  higher  at  very  slow  speeds,  gradually 
diminishing  to  a  minimum  at  a  speed  corresponding  to  a  train 
velocity  of  about  10  miles  per  hour,  then  slowly  increasing 
with  the  speed;  it  is  very  dependent  on  the  perfection  of  the 
lubrication,  it  being  reduced  to  one  sixth  or  one  tenth,  when  the 
axle  is  lubricated  by  a  bath  of  oil  rather  than  by  a  mere  pad 
or  wad  of  waste  on  one  side  of  the  journal;  (3)  it  is  much  lower 
at  higher  temperature,  and  vice  versa.  The  practical  effect  of 
these  laws  is  shown  by  the  observed  facts  that  (1)  loaded  cars 
have  a  less  resistance  per  ton  than  unloaded  cars,  the  figures 
being,  for  speeds  of  about  10  miles  per  hour,  approximately: 

For  passenger-  and  loaded  freight-cars . .  4  lbs.  per  ton 

"  empty  freight-cars 8     "      "      " 

"  street-cars 10    "      "      " 

"  freight-trucks  without  load 14    "     "     " 

[2)  When  starting  a  train,  the  resistances  are  about  20  lbs. 
per  ton,  notwithstanding  the  fact  that  the  velocity  resistances 
are  practically  zero;  at  about  2  miles  per  hour  it  will  drop  to 
10  lbs.  per  ton  and  above  10  miles  per  hour  it  may  drop  to 
i  lbs.  per  ton  if  the  cars  are  in  good  condition.  (3)  The  re- 
sistance could  probably  be  materially  lowered  if  some  practicable 
form  of  journal-box  could  be  devised  which  would  give  a  more 
perfect  lubrication.  (4)  It  is  observed  that  freight-train  loads 
must  be  cut  down  in  winter  by  about  10  or  15%  of  the  loads 
that  the  same  engine  can  haul  over  the  same  track  in  summer. 
This  is  due  partly  to  the  extra  roughness  and  inelasticity  of  the 


476  RAILROAD  CONSTBUCnON.  S  433. 1 

track  in  winter,  and  partly  to  increBsed  ndi&tion  from  tk 
engine  wasting  some  energy,  but  this  will  not  account  for  d 
of  the  loss,  and  tha  eflect,  which  is  probably  dub  largely  to  tbi 
lower  temperature  of  the  joumal-boxea,  is  very  marked  ud 
costly.  It  has  been  suggested  that  a  Jacketing  of  the  jounul- 
boxes,  which  would  prevent  rapid  radiation  of  heat  and  (oallll 
them  to  ret^n  some  of  the  heat  developed  by  friction,  WOoU 
result  in  a  saving  amply  repaying  the  cost  of  the  deTioe. 

Roller  joumsls  for  cars  have  been  frequently  suggeated,  sd 
experiments  have  been  made  with  them.  It  is  found  that  th^ 
are  very  effective  at  low  velocities,  greatly  reducing  the  itart- 
ing  resistance,  which  is  very  high  with  the  ordinary  fcvnu  if 
joumalB.  But  the  advantages  disappear  as  the  VBlooity  in- 
creases.  The  advantages  also  decrease  as  the  load  fa  iniiinwl. 
so  that  with  heavily  loaded  ears  the  gain  ia  small.  The  nam 
of  cost  for  construction  and  niointenance  has  been  found  to  bl 
more  than  the  gain  from  power  saved. 

43a.  Grade  resiBtance.    The  amount  of  this  may  ba  aan- 

/  puted  with  mathematical  exactness.    Assume  that  the  ball 

or  cylinder  (see  Fig.  206}  is  being  drawn  up  the  plane.    If  W 


Fro.  308. 
is  the  weight,  N  the  normal  prefleure  against  ths  rail,  aad  6 
the  force  required  to  hold  it  or  to  draw  it  up  the  plane  with 
uniform  velocity,  the  rolling  resistances  being  conoidend  aso 
or  considered  as  provided  for  by  other  forces,  thrai 

G:W::h:d.    or    G-^; 

but  for  all  ordinary  railroad  grades,  d—c  to  within  a  tatlirf 

1%,  i.e„  G- TC  X  rate  of  grade.    In  order  that  the  attdtnl 

may  appreciate  the  exact  amount  of  this  approxima    »  the  pH> 
rentage  of  Riopc  distance  to  it^  horizontal  proieotion  ia  gtv^  || 

be  following  tabular  farm: 
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Grade  in  per  cent. 

1 

2 

3 

4 

5 

Slope  dist.  ^joq 

nor.  dist. 

100. OOd 

100.020 

100.046 

100.080 

100.125 

Grade  in  per  cent. 

6 

.  7 

8 

0 

10 

Slop,  dist.  ^^00 

nor.  dist. 

100.180 

100.245 

100.319 

100.404 

100.409 

This  shows  elso  the  error  on  various  grades  of  measuring  with 
the  tape  on  the  ground  rather  than  held  horizontally.  Sinco 
almost  all  railroad  grades  are  less  than  2%  (where  the  error 
is  but  .02  of  1%),  and  anything  in  excess  of  4%  is  unheaiti 
of  for  normal  constructioni  the  error  in  the  approximation 
is  generally  too  small  for  practical  consideration. 

If  the  rate  of  grade  is  1  :  100,  G  =  WXjijff  i-^-,  ^«20  lbs. 
per  ton ;  /.for  any  per  cent,  of  grade,  G  =  (20  X  per  cent,  of  grade) 
pounds  per  ton.  When  moving  up  a  grade  this  force  G  ia  to 
be  overcome  in  addition  to  all  the  other  resistances,  Wheft 
moving  down  a  grade,  the  force  G  assists  the  motion  and  may 
be  more  than  sufficient  to  move  the  train  at  its  highest  allow«' 
able  velocity.  The  force  required  to  move  a  train  on  a  level 
track  at  ordinary  freight-train  speeds  (say  20  miles  per  hour) 
is  about  7  lbs.  per  ton.  A  down  grade  of  /^  of  1%  will  fur- 
nish the  same  power;  therefore  on  a  dowTi  grade  of  0.35%,  a 
freight-train  would  move  indefinitely  at  about  20  miles  per  hour. 
If  the  grade  were  higher  and  the  train  were  allowed  to  gain 
speed  freely,  the  speed  would  increase  until  the  resistance  at 
that  speed  would  equal  W  times  the  rate  of  grade,  when  tha 
velocity  would  become  uniform  and  remain  so  as  Iwig  as  tjie 
conditions  were  constant.  If  this  speed  was  higher  than  A 
safe  permissible  speed,  brakes  must  be  applied  and  power 
wasted.  The  fact  that  one  terminal  of  a  road  is  considerably 
higher  than  the  other  does  not  necessarily  imply  that  the  extrft 
power  needed  to  overcome  the  difference  of  elevation  is  a 
total  waste  of  energy,  especially  if  the  maximum  grades  are 
so  low  that  brakes  will  never  need  to  be  applied  to  reduce  a 
dungerou^y  high  velocity,  for  although  more  power  must  ba 
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used  in  ascending  the  grades,  there  is  a  considerable  saving  of 
power  in  descending  the  grades.  The  amount  of  this  saving 
will  be  discussed  more  fully  in  Chapter  XXIII. 

433.  Curve  resistance.  Some  of  the  principal  la^vs  will  he 
here  given  without  elaboration.    A  more  detailed  discussion 

I  will  be  given  in  Chapter  XXII. 

(o)  While  the  total  curve  resistance  increases  as  the  degree 
of  curve  increases,  the  resistance  per  degree  of  curve  is  much 
greater  for  easy  cun^cs  than  for  sharp  curves;  cgr.,  the  resist- 
ance on  the  excessi\eh'  sharp  curves  (radius  90  feet)  of  the 
elevated  roads  of  Now  York  City  is  verj'  much  less  per  degree 
of  curve  than  that  on  curves  of  1®  to  5®.  (6)  Curve  resistance 
increases  with  the  velocity,  (c)  The  tMal  resistance  on  a 
curve  depends  on  the  central  angle  rather  than  on  the  radius; 
I.e.,  two  curves  of  the  same  central  angle  but  of  different  radius 
would  cause  about  the  same  total  curve  resistance.  This  is 
partly  explained  by  the  fact  that  the  longitudinal  slipping  will 
be  the  same  in  each  case.  (See  §  395,  Chapter  XV.)  In  each 
case  also  the  trucks  must  be  twisted  aroimd  and  the  wheels 
slipped  laterally  on  the  rails  by  the  same  amount  A**.  (See 
§396,  Chapter  XV.) 

434.  Brake  resistances.  If  a  down  grade  is  excessively  steep 
so  that  brakes  must  be  applied  to  prevent  the  train  acquiring 
a  dangerous  velocity,  the  energy  consumed  is  hopelessly  losk 
without  any  compensation.  \\Tien  trains  are  required  to  make 
frequent  stops  and  yet  maintain  a  high  average  speed,  consid- 
erable power  is  consumed  by  the  application  of  brakes  in  stop- 
ping. All  the  energy  which  is  thus  turned  into  heat  is  hope- 
lessly lost,  and  in  addition  a  very  considerable  amount  of  steam 
Is  drawn  from  the  boiler  to  operate  the  air-brakes,  which  con- 
sume the  power  already  developed.  It  can  be  easily  demonstrated 
that  engines  drawing  trains  in  suburban  service,  making  fre- 
quent stops,  and  yet  developing  high  speed  between  stops,  will 
consume  a  ver>'  large  proportion  of  the  total  power  developed 
by  the  use  of  brakes.  Note  the  double  loss.  The  bKikes  eon- 
Bume  power  already  developed  and  stored  in  the  train  as  kinetie 
or  potential  energy,  while  the  operation  of  the  brakes  requiies 
additional  steam  power  from  the  engine. 

435.  Inertia  resistance.  The  two  forms  of  train  reostanoa 
ch  under  some  circumstances  are  the  greatest  reaiatancei 
ie  overcome  by  the  engine  are  the  grade  and  inertia 
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ances,  and  fortunately  both  of  these  resistances  may  be  com- 
puted with  mathematical  precision.  The  problem  may  be 
stated  as  follows:  What  constant  force  P  (in  addition  to  the 
forces  required  to  overcome  the  various  frictional  resistances, 
etc.)  will  be  required  to  impart  to  a  body  a  velocity  of  v  feet 
per  second  in  a  distance  of  s  feet?  The  required  number  of 
foot-pounds  of  energy  is  evidently  Ps.     But  this  work  imparts 

a  kinetic  energy  which  may  be  expressed  by  -«—•    Equating 

these  values,  we  have  Ps—-^^—,  or 
'  2g 

The  force  required  to  increase  the  velocity  from  v,  to  v^  may 

W 
likewise   be   stated   as   P—^ — (^2*— ^i')«     Substituting   in   the 

formula  the  values  Tr=2000  lbs.  (one  ton),  ^=32.16,  and  «=- 
5280  feet  (one  mile),  we  have 

P  =  . 00588(^22 -vj?). 

Multiplying  by  (5280^3600)'  to  change  the  unit  of  velocity 
to  miles  per  hour,  we  have 

P  =  .01267(Fj»-F,»). 

But  this  formula  must  be  modified  on  accoimt  of  the  rotative 
kinetic  energy  which  must  be  imparted  to  the  wheels  of  the  cars. 
The  precise  additional  percentage  depends  on  the  particular 
design  of  the  cars  and  their  loading  and  also  on  the  design  of 
the  locomotive.  Consider  as  an  example  a  box-car,  60000  lbs. 
capacity,  weighing  33000  lbs.  The  wheels  have  a  diameter 
of  36"  and  their  radius  of  gyration  is  about  13''.  Each  wheel 
weighs  700  lbs.  The  rotative  kinetic  energy  of  each  wheel  is 
4877  ft.-lbs.  when  the  velocity  is  ^0  miles  per  hour,  and  for 
the  eight  wheels  it  is  39016  ft.-lbs.  For  greater  precision 
(really  needless)  we  may  add  192  ft.-lbs.  as  the  rotative  kinetic 
energy  of  the  axles.  When  the  car  is  fully  loaded  (weight 
93000 lbs.)  the  kinetic  energy  of  translation  is  1,244,340 ft.-lbs.; 
when  empty  (weight  33000  lbs.)  the  energy  is  441540  ft.-lbs. 
The  rotative  kinetic  energy  thus  adds  (for  this  particular 
car)  3.15%  (when  the  car  is  loaded)  and  8.9%  (when  the  car 
is  empty)  to  the  kinetic  energy  of  translation.    The  kinetic 
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energy  which  is  similarly  added,  owing  to  the  rotalkm  of  ths 
wheels  and  axles  of  the  locomotive,  might  be  Bimilarly  com- 
puted. For  one  type  of  looonloti^'e  it  hae  been  figured  at  about 
8%.  The  A'aritttions  in  design,  and  particularly  the  fluctua- 
tions of  loading,  render  useless  any  great  ptecibitNi  in  thesb 
computations.  For  a  train  of  "empties"  the  figure  would  be 
high,  probably  8  to  9%;  for  a  fully  loaded  train  it  will  not 
much  exceed  3%.  AVellington  considered  that  6%  is  a  good 
average  value  to  use  (actually  used  G.14%  for  "ease  of  compu- 
tation''), but  considering  (a)  the  increasing  proportion  of  live 
load  to  dead  load  in  modern  car  design,  (h)  the  greater  care 
now  used  -to  make  up  [uJf  train-loads,  and  (c)  the  fact  that 
full  train-loads  are  the  critical  loads,  it  would  appear  that  5% 
is  a  bettor  average  for  the  conditions  of  modem  practice.  Even 
this?  figure  allows  something  for  the  higher  percentage  for  the 
locomotive  and  something  for  a  few  empties  in  the  train.  Thett- 
fore,  adding  5%  to  the  coefficient  in  the  above  equation^  m 
have  the  true  equation 

P  =  .0133(7,*-Vi2), (105) 


in  which  V2  and  Vi  are  the  higher  and  lower  velodtic 
tively,  in  miles  per  houvy  and  P  is  the  force  tequhred  per  Um  to 
impart  that  difference  of  velocity  in  a  distance  of  one  mile.  If 
more  convenient,  the  formula  may  be  used  thus:  * 

Pi=T(^2*-ri2), (106) 

in  which  s  is  the  distance  in  feet  and  Pi  is  the  eorre^MBdinB 
force. 

As  a  numerical  illustration,  the  force  required  per  ton  to 
impart  a  kinetic  energ>'  due  to  a  velocity  of  20  miled  per  hoUr 
in  a  distance  of  1000  feet  \^  ill  equal 

^'^      iooo""""^^^' 

which  is  the  equivalent  (see  §  432)  of  a  1.4%  grade.  '£Kn«»  tin 
velocity  enters  the  formula  as  V*j  while  the  distaboe  'entcn 
only  in  the  first  poA^'er,  it  follo\N's  that  it  will  require  four  tanm 

*  The  slight  approximation  involved  in  the  transformation  from  fiq.  106 
-»  100,  by  using  the  even  numlxir  70,  ia  oovcred  by  allowlii8  'l.6%t  i] 
5%  for  rotary  kinetic  energy. 
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the  forc3  to  produce  twice  the  velocity  in  the  satne  distance,  or 
that  with  the  same  force  it  will  require  four  times  the  distance 
to  attain  twice  the  velocity. 

As  another  numerical  illustration,  if  a  train  is  to  increase  its 
speed  from  15  miles  p^  hour  to  60  miles  per  hour  in  a  distance 
of  2000  feet,  the  force  required  (in  addition  to  all  the  oihGt 

resistances)  will  be 

„      70(3600-225)     ,,.,. 

Pi  = —     o^ww. =118  lbs.  per  ton. 

This  is  equivalent  to  a  5.9%  grade  and  shows  at  once  that  it 
wrould  be  impossible  unless  there  were  a  very  heavy  down  gfad^, 
or  that  the  train  was  very  light  and  the  engine  very  powerful. 

436.  Dynamometer  tests^  These  are  made  by  putting  a 
"  djoiamometer-car  "  between  the  engine  and  the  cars  to  be 
tested.  Suitable  mechanism  makes  an  automatic  record  of 
the  force  which  is  transmitted  through  the  dynamometer  at 
any  instant,  and  also  a  record  of  the  velocity  at  any  instant. 
One  of  the  practical  difficulties  is  the  cDccurate  determination 
of  the  velocity  at  any  instant  when  the  velocity  is  fluctuating. 
When  the  velocity  is  decreasing,  the  kinetic  energy  of  the  train 
is  being  turned  into  work  and  the  force  transmitted  through  the 
dynamometer  is  leas  thaH  the  amount  of  the  resistance  which 
is  actually  being  overcome.  On  the  other  hand,  when  the  velocity 
is  increasing,  the  dynatnometer  indicates  a  larger  force  than 
that  required  to  overcome  the  resistances,  but  the  excess  force 
is  being  stored  up  in  the  train  as  kinetic  energy.  Grade  has 
a  similar  effect,  and  the  force  indicated  by  the  dynamometer 
may  be  greater  or  less  than  that  required  at  the  given  velocity 
on  a  level  by  the  force  which  is  derived  from,  or  is  turned  into, 
potential  energy.  The  effect  of  curvature  should  be  eliminated 
by  subtracting  from  the  djrnamometer  record  0.6  to  0.8  pound 
per  ton  per  degree  of  curve,  according  to  the  rules  for  compen- 
sation of  curvature  as  developed  in  §511.  Correct  for  gifade 
by  subtracting  from  the  dynamometer  record  twenty  pouncb 
per  ton  for  eaeh  percent  of  grade,  assuming  that  the  test  train 
is  moving  up  a  grade;  if  the  train  is  moving  down  grade,  add 
a  similar  amount.  Add  (or  subtract)  the  effect  of  change  in 
velocity,  as  computed  in  §  435.  Usually  each  dynamometer 
observation  will  need  to  be  corrected  by  one  or  all  of  these  coiv 
rections  in  order  to  determine  what  would  have  been  the  resist- 
ance on  a  ttraight,  level  track,  at  some  definite  uniform  velocity. 


/ 
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In  1908-09  tbe  Railv.'iiy  Eng.  Dep't  of  tiie  Univ.  of  Illindi 
conducted  a  eeriee  of  tests,  under  the  direction  of  Prof.  K  C 
Schmidt,*  which  were  so  elaborate  and  thorou^  that  Uw; 
definitely  demonstrated  that    (a)  the  resistnnce  per  ton  <tf  mny 
cai  depends  very  considerably  upon  the  w^^t  of  the  car,  wliiek 
is  graphically  shown  in  Fig.  206  a,  and    (b)  the  actual  neiat- 
ance  per  ton  ia  variable  and  uncertain,  and  thersforo  no  formob 
or  rcslatancc  curve  can  iiiwiiini 
to    represent   Buch    reoistaiMe 
with  a  clbac  percentage  of  ac- 
curacy.    This  uncertainly  ii 
illustrated  by  the  fact  tlu^  Id 
spite  of  the    most  eUboiata 
tare  to  eliminate. all  obserw- 
B  tionol  error  and  obtain  unifom 

£  results,  one  typical   group  of 

p..  ■««.     pw.  .^„»  =™„,„  n,    plotted  points  had  an  averiff 

via.  3Doa, — IlEtATioN  betweeh  Re-     ....  r      i_      i     nnw   * 

BiBTAHCEANoAvEBAaBCABWEioHT,  deviatiou  of  aoout  8%  fmD 

{Reduced   from  Fig.   10,    Schmidt,  ,  ,, ^^^  _^  . 

fVeiBlit  Cor  Reeistano!.)  sua  there  WBB  one  inimwce  ff 

a  23%  deviation.  Tlw  vuib- 
tion  in  results  is  probably  due  to  variable  condition  of  tba 
track  (see  §  430&)  and  shows  that  no  one  formula  or  ourv^  «f 
set  of  them,  is  dosdy  ai'plicable  to  the  variable  track  conditioBI 
found  in  the  country  or  even  to  the  variations  found  on  any 
one  road.  The  chief  object  in  observing  train  reeivtanee  is  to 
deterinuie  the  tractive  power  required  to  haul  a  defimte  amount 
of  traffic  under  certain  known  conditions,  but  theag  testa  han 
confirmed  what  op<.'rating  experience  had  already  pointed  out, 
that-actual  train  resistance  is  so  variable  that  th^«  muat  ba 
a  considerable  margin  of  tractive  power  in  the  looomotive  cv 
trains  will  be  frequently  stalled.  Nevertbeleas,  icaistanoe  lor- 
nuilae  can  be  and  are  utilised  for  comparing  proposed  track  loor  I 
tions  and  for  computing,  with  a  proper  maq^iu,  the  train  i 
which  may  be  attached  to  a  locomotive  of  known  tractive  poww. . 

The  net  result  of  these  tests  on  32  freight  trains  of  vaiioia 
weights  liavc  been  plotted  in  Fig.  2066,  which  afaowa  ten  cum^ 
eaeh  for  a  different  average  car  weight.    For  each  curve,  the     i 
resistance  per  ton  increases  with  the  velocity,  being  about  80% 

ire  for  a  veliirity  of  40  miles  per  hour  than  for  a  vdoci^  of  ■ 

'  Univ.  of  III,  Bull.  43,  FreiKhl  Train  Regiitsnee,  by  Ednud  C.  Bobi 
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i  miles  per  hour.  Note  that  the  upper  curve  (15  tons  per  ear) 
3  only  applicable  to  a  train  of  empties  and  the  lower  curve  {75 
ons  per  car)  would  mean  a  train  of  fully  loaded  cars.  It  should 
>e  fully  realized  that,  in  order  to  practically  utilize  theae  or  other 
imilar  curves  as  a  measure  of  the  tractive  power  demanded  of 
.  locomotive,  due  allowance  should  be  made  tor  grade,  for  cun-- 
,ture,  and  for  the  inertia  elTect  of  change  in  velocity;  also  that 
uch  figures  only  claim  to  measure  the  resistance  behind  the 
ender,  and  that  it  does  not  apply  if  brakes  have  been  used. 


[10 


Atehaqe  WEiasTS  peb  Freiqbt  Car. 
(Reduced  from  Fti.  11,  Schmidt,  Freight  Car  ResuUnce.) 

437.  Gravity  or  "  drop  "  tests.  A  drop  test  utihzes  the  force 
f  gravity  which  may  'be  mesBured  with  mathematical  accuracy.  ' 
'he  general  method  is  to  select  a  stretch  of  track  which  has  a 
niform  grade  of  about  0.7%  and  which  is  preferably  straight 
>r  2  or  3  miles.  On  such  a  grade  cars  with  running  gear 
\  good  condition  may  be  started  by  a  push.  The  velocity 
'ill  gradually  increase  until  at  some  velocity,  depending  on 
ae  resistances  encountered,  the  cars  will  move  uniformly.  The 
nly  work  requiring  extreme  care  with  this  method  is  the  det«r- 
lination  of  the  velocity.  If  the  velocity  is  fluctuating,  as  it 
1  during  the  time  when  it  is  of  the  greatest  importance  to  know 
le  velocity,  it  is  not  sufficient  to  determine  the  time  required 
>  run  some  long  measured  distance,  for  the  average  velocity 
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thus  obtained  would  probably  differ  considerably  from  tlie 
velocity  at  the  boginning  and  end  of  that  space.  If  the  tni 
consists  of  five  cars  or  more,  th^  velocity  may  be  detemmud 
electrically  (as  described  by  WeUington  in  his  "  EconoDit 
Location,"  etc.,  p.  793  et  aeq.)  from  the  automatic  reoord  madi 
on  a  chronograph  of  the  psfisage  of  the  first  wheel  and  the  but, 
the  chronograph  also  recording  automatically  the  tiolcB  of  i 
clock  beating  seconds.  From  this  the  exact  time  of  the  pan 
of  the  first  and  last  wheels  of  the  train  of  cars  may  be  detenmnfld 
to  the  tenth  or  twentieth  of  a  second. 

Velocity^head.    From  theoretical  mechanics  we  know  that  2 
a  body  descends  through  any  path  by  the  action  of  gravity,  id 


Fig.  207. — Iioss  in  VELOGrrr-KBAD. 


is  unaffected  by  friction,  its  velocity  at  any  point  in  the  dinfr 
tion  of  the  path  of  motion  is  F  =  V2gh'  If  the  body  is  retaiM 
by  resistances,  its  velocity  at  any  point  will  be  leas  than  IUl 
If  AM  J  Fig.  207,  represents  any  grade  (exaggerated  of  comaeX 
then  BJ,  CK^  etc.,  represent  the  actual  fall  at  any  point.    Lei 

BF  represent  the  fall  hi^  determined  from  ^\  —  KLt  in  whieh nil 

the  actual  observed  velocity  at  J.  Then  /f  "the  veloalf 
head  consumed  by  the  resistances  between  A  and  /.  If  tki 
train  continues  to  A",  the  corresponding  As  is  CO)  the  remainaf 
fall  GK  consLst«  of  GN  {=Jh\  which  is  the  velocity-head  hit 
back  of  J)  and  iVA',  the  velocity-bead  lost  between  J  and  t. 
At  some  velocity  ( Vn)  on  any  grade,  the  velocity  will  not  furtitfj 
increase  and  the  line  AFQHl  will  then  be  horikontal  and 
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a  distance  (kn)''EI  below  A  . . ,  E.  The  grade  AM  is  the 
*'  grade  of  repo«e  "  for  that  velocity  (F;J;  i.e.,  it  is  the  grade 
that  would  just  permit  the  train  to  move  indefinitely  at  the 
velocity  Fn.  The  broken  line  AFGHI  should  really  be  a  curve, 
and  the  grade  of  repose  at  any  point  is  the  angle  between  AM 
and  the  tangent  to  that  curve  at  the  given  point.  The  "  grade 
of  repose  "  by  its  definition  gives  the  total  resistance  of  the  train 
at  the  particular  velocity,  or  multiplying  the  grade  of  repose 
in  per  cent  by  20  gives  the  pounds  per  ton  of  resistance.  Thus 
being  able  to  determine  the  total  resistance  in  pounds  per  ton 
at  any  velocity,  the  variation  of  total  resistance  with  velocity 
may  be  determined,  and  then  by  varying  the  resistances,  using 
different  kinds  of  cars,  empty  and  loaxied,  box-cars  and  flats, 
the  resistances  of  the  different  kinds  at  various  velocities  may 
be  determined.  Many  tests  have  been  made,  on  the  above 
general  plan,  to  determine  track  resistance,  but,  since  it  is  imprac- 
ticable and  even  dangerous  to  use  this  method  for  high  velocities, 
the  dynamometer-Kjar  method  has  been  used  for  the  most  recent 
and  reliable  tests. 

438.  Resistance  of  cars  through  switches.  It  has  always 
boen  realized  that  cars  encounter  greater  resistance  while  passing 
through  switches  than  on  a  straight  imbroken  track.  This 
additional  resistance  would  have  a  vital  importance  in  case  a 
passing  siding  were  located  on  a  ruling  grade.  The  additional 
tractive  force  required  to  haul  a  train  from  a  siding  through 
a  switch  on  to  a  main  track  would  limit  the  length  of  train  which 
might  otherwise  be  hauled.  Whenever  a  passing  siding  is  essen- 
tL,l  on  a  ruling  grade,  the  p^ade  should  be  compensated,  but  the 
rate  of  compensation  is  still  an  uncertain  quantity.  An  anal-* 
ogous  problem  is  the  rate  of  grade  of  a  ladder  track  in  a  claflsi-» 
fication  yard  (see  Chapter  XIII,  §  379)  in  order  that,  when 
switching  cars  by  gravity  from  a  hmnp,tbe  added  resistance, 
due  to  passing  over  the  various  frogs  and  switch  rails  on  the 
ladder  track,  will  not  so  exhaust  the  inertia  due  to  the  initial 
velocity  that  the  cars  cannot  reach  the  desired  locations  on  the 
classification  tracks.  Tests  to  determine  such  resistance  were 
made  in  1913-14,  under  the  direction  of  Prof.  C.  L.  Eddy,  cf 
the  Case  School  of  Applied  Science.*  The  cars,  usually  singly 
but  occasionally  two,  three  or  four  together,  were  dropped  from 
the  top  of  a  hump  down  a'  short   4%    grade,  by  which  they 

^^i*^*** »  ^"  -■>»•■  ■■^Ti  ■  <■■■■       t    I       pill       i|i>..  —  TS—>       pyi         i||^  n<y—»>  ■■■»<   ■  1^— ^i^^^p^^^ 

*  Bull,  175,  Amer.  Rwy.  Eng.  Assoc,  March,  1915. 
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acquired  a  velocity  varying  from  14  to  21  miles  per  hour  at  the 
beginning  of  the  ladder  track,  which  had  a  downward  grade 
of  1.175%.  Velocities  were  observed  at  two  places  on  the  ladder 
track,  by  setting  up  at  each  place-  a  pair  of  "  contact  points;" 
usually  60  feet  apart,  by  which  the  time  of  travelling  the  60  feet 
was  automatically  recorded  on  a  chronograph,  which  aho 
recorded  half  seconds.  The  mean  distance  apart  of  the  two 
pairs  of  contact  points  was  at  firist  375  feet:  then  for  other  testa 
400  feet  and  then  421.5  feet.  Sometimes  the  velocity  of  the 
cars  decreased  while  passing  over  this  measured  distance,  and 
sometimes  it  increased.  In  any  case  the  impelling  force  wai 
the  constant  gravity  force  of  20X1.175% =23  pounds  per  ton, 
plus  the  inertia  force  due  to  the  initial  velocity.  This  net  foroe, 
less  the  inertia  force  represented  by  the  final  velocity,  equals 
the  resisting  force,  in  pounds  per  ton.  As  usual  in  such  teata^ 
the  results  were  very  variable,  varying  in  163  obaervationi 
from  a  minimum  of  4.5  to  a  maximum  of  41.8  pounds  per  ton. 
The  general  average  was  about  22  pounds  per  ton,  which  iB  Toy 
nearly  the  gravity  force  (23.5  lbs.)  of  the  ladder  track  lined  in 
this  test.  Note  the  increase  in  the  average  figure  (22)  above 
the  average  resistance  per  ton  for  whole  trains  of  cam  od  a 
straight  unbroken  track,  at  the  same  average  velocity  of  15  to 
20  m.p.h.,  which  would  vary  from  3.5  to  9.5  pounds  per  ton- 
see  Fig.  2066.  A  very  small  part  of  the  increase  is  due  to  the 
extra  atmospheric  resistance  per  ton  of  one  car  over  that  of  a 
train  of  cars,  but  the  largest  part  of  the  excess  resistance  la  that 
due  to  the  frogs  and  switch  points  in  the  track,  which,  by  their 
variable  surface,  variable  elasticity  and  uneven  support,  cause 
shock  resistances  which  average  three  or  four  times  the  nonnal 
resistance  on  an  unbroken  track.  The  above  tests  demonatnto 
(a)  the  very  great  increase  of  resistance  on  switches,  and  (6) 
that  the  resistance  varies  so  greatly  that  no  precise  calculations 
can  be  made  with  respect  to  it.  Although  the  average  resiBtaiiee 
was  about  22  lbs.  per  ton,  an  allowance  of  30  lbs.  per  ton  ^rouM 
only  cover  91%  of  the  trials  in  the  above  test.  It  should  alao 
be  noted  that  the  switch  work,  made  up  of  No.  8  frogs  and  aplit 
SA/v'itches,  was  on  the  New  York  Central  system,  and  was  declared 
to  be  ''in  good  order."  It  cannot  therefore  be  claimed  that 
this  switch  resistance  was  abnormally  high. 

439.  American  Railway  Engineeiing  Association  Formula.    In 
1910,  the  Association  Committee  on  Economics  of  LooatioB 
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developed  a  formula  with  the  special  idea  of  its  utilization  in  the 
comparative  study  of  alternate  locations  of  a  railroad  line,  or 
in  the  operation  of  trains.  An  elaborate  study  of  the  very 
numerous  formulae  which  had  been  published  convinced  the 
committee  that  all  such  formulae  were  either  intrinsically 
worthless  or  that  they  were  inappUcable  to  present  conditions 
of  track  and  rolling  stock.  After  an  exhaustive  study  of  the 
results  of  recent  dynamometer  tests  on  the  resistance  of  freight 
trains,  with  velocities  varying  from  5  to  35  m.p.h.,  it  was  declared 
that  a  formula  which  is  sufficiently  accurate  for  practical  pur- 
poses can  be  put  into  the  form 

R=ai-\-hn 

in  which  t  is  the  total  weight  cf  the  train,  in  tons  of  2000  lbs. 
and  n  is  the  nimiber  of  cars;  a  and  6  are  constants  to  be  deter- 
niined  by  tests.  The  values  2.78  and  113.9  for  a  and  6  respect- 
ively were  first  used  on  the  basis  of  certain  tests.  Later,  on 
the  basis  of  an  accumulation  of  additional  tests,  these  constants 
were  modified  so  as  to  have  varying  values  according  to  the 
temperature  and  the  following  group  of  four  formulae  was 
recommended. 


A  rating,  temp.  =35**  F.  or  above;  R=2.2t+122n 

B  rating,  temp.  =  20**  to  35°  F. ;  J? = 3.0  i + 137  n 

C  rating,  temp.  =0°  to 20''  F.;  i2=4.0 ^+153  n 

D  rating,  temp.=below  0°  F.;  /2  =  5.4  /+171  n 


.     (107) 


These  formulae  apply  only  to  level  grade.  When  using  them, 
suitable  corrections  for  actual  rate  of  grade  and  curvature, 
and  a  proper  allowance  for  inertia,  in  accordance  with  the  as- 
smned  method  of  operation,  should  be  added  to  the  resistance 
computed  from  Eq.  107. 

Comparing  these  formulae  with  the  results  of  the  tests  by 
Schmidt,  we  should  use  only  the  formula  for  A  rating,  since 
Schmidt's  tests  were  all  made  at  temperatures  above  35°  F. 
Assume  a  train  of  53  empties,  each  weighing  18  tons,  or  a  total 
of  954  tons,  which  is  the  value  of  ^;  n=53;  then  the  draw  bar 
pull  behind  the  tender  equals 

IE = 2.2X  954 + 122X  53  =  2099 +6466  =  8565  pounds. 

The  mean  resistance  per  ton  would  be  8565 -7-954 =8.97  pounds 
per  ton.     By  Schmidt's  curves  (Fig.  2066)  the  resistance  would 
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ywy  from  about  7  lbs.  per  ton  for  &  vehiotty  of  6  m,pi 
11.4  IbH.  per  ton  at  35  m.p.h.,  or  a  total  of  6B7S  to  10876  Ba. 
reeistftnce,  depending  oti  velocity.  At  a  velocity  of  ab^jtHj 
over  20  m.p.h.  the  iSchmidt  curves  show  the  same  &venice  n 
aace  (8,97  lbs.  per  ton)  for  18-ton  eai8. 

A  similar  computation  for  a  train  of  30  cars  weff^uns  70  toM 
each,  or  a  total  of  2100  tonn,  indicates  a  total.  reMBtanoe,  kf 
Eq.  107,  of  8280  lbs.  or  3.94  lbs.  per  tcm.  This  asdti  ia  Ot 
lesistMice  pCT  tMi  indicated  by  the  Schmidt  curves  for  TtMoi 
wvn  when  the  velocity  is  a  little  over  20  m.p.h. 

The  student  should  note  that  lUthough  the  A.R.EIA.  fom 
is  independent  of  velocity,  while  the  Schmidt  curves  indit 
resistances  varying  as  a  function  of  the  first  power  and  aki 
of  the  square  of  the  velocity,  the  results  at  a  velocity  of  aboit 
30  m.p.h.  are  identical.  Secondly  both  agree  (up  tn  25  n.p.kj 
tliat,  although  the  loaded  train  weighs  considerably  inorA  tbH 
twice  as  much  as  the  train  of  empties,  the  pull  m  the  dnw  btf 
is  (tctually  less,  which  forcibly  illustrates  the  economy  of  op^ 
atjng  full  and  heavily  loaded  cars. 

The  application  of  Eq.  107  to  the  operation  of  trakH,  «r  to 
train  rating,  is  explained  in  Chapter  XVIII,  {  467. 


Fid.  30Va.— Reuitoh  between   ResnTAHcn  un  Cms,  XM 

AVERSQE  WeIuHTS  FEB  PASMHSn  CA». 

(Rflduiwl  from  Fig.  0,  Sohmldt.  PASBengor  Tnio  B«tatBM 

4390.  PassengR-car  resistance.    In  1916,  Prof.  E.  O. 
made  some  tests  on  pasaenger-car  resistance  by  Um  mom 
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methods  used  in  freight-car  tests,  as  described  in  §  436.*  Tests 
w^ere  made  on  eighteen  trains,  of  which  the  average  car  weight 
varied  from  48.7  to  71.1  tons.  83%  of  the  cars  had  six-wheeled 
trucks.   . 

The  curves  plotted  from  these  tests  are  shown  on  a  reduced 

scale  in  Fig.  207a,  which  shows  the  same  general  form  of  curves 

as  those  of  Fig.  2066.     It  should  also  h^  noted  that  the  tests 

showed  that  the  heavier  cars  have  less  resistance  per  ton  than 

lighter  cars,  the  same  as  for  freight  cars,    Compamg  the  curves, 

where  identical  conditions  •  make  such  comparisons  possible,  it 

may  be  noted  that,  in  general^  freight  cars  showed  a  les9  resisV 

anee  per  ton  than  passenger  cars  for  the  same  velocity  and  weight 

of  car.    Many  years  ago  a  committee  of  the  Am,  Rwy.  Master 

Mechanics  Assoc,  reported  that  '^six-wheel  trucks  are  found 

to  produce  greater  resistance,  and  as  a  consequence  absorb 

more  hauling  power  than  four-wheel  trucks  carrying  the  same 

weight  of  car."    Six*wheoled  trucks  are  considered  essential 

for  carrying  especially  heavy  cars  at  high  passenger-train  speed, 

in  spite  of  the  proved  added  per-ton  resistance.     Since  nearly 

all  trains  in  the  above  tests  included  cars  with  both  six-wheeled 

and  four-wheeled  trucks,  it  was  impracticable  to  differentiate 

the  results  on  this  basis,  but  the  fact  that  about  83%  of  the  cars 

had  six-wheeled  trucks  probably  explains  the  higher  per-ton 

results.    When  the  passenger-car  results  are  reduced  to  pep- 

ton-per-axle,  the  freight-car  and  passenger-car  results  are  mare 

nearly  uniform.    Whenever  these  curves  are  used,  it  should  be 

kept  in  mind  that  the  effect  of  grade,  curvature  and  inertia 

resistance  have  all  been  eliminated  from  these  results.    The 

tests  were  made  in  pleasant  weather,  during  the  sununer.    It 

should  therefore  be  expected  that  the  resistance  in  cold  and 

windy  weather  would  be  materially  greater. 

It  is  interesting  to  note  that  the  careful  caloulations  made  of 
the  weight  of  the  live  load  (passengers,  baggage,  mail  and  express) 
showed  that  the  maximum  load  weighed  only  5,2%  of  the  gross 
train  load,  and  therefore  the  cost  of  running  a  passenger  train 
is  measurably  the  same  whether  it  runs  full  or  absolutely  empty. 

* Proeeedings,  Amer.  Rwy.  Eng.  A^soo.,  Vol.  18,  p.  6B9. 
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CHAPTER  XVn 

COST  OF  RAILROADS. 

440.  General  considerations.  Although  there  are  many  fll^ 
ments  in  the  cost  of  railroads  which  are  roughly  constant  per 
mile  of  road,  yet  the  published  reports  of  the  cost  of  railroadi 
ditf(;r  very  widely.  The  variation  in  the  figures  is  due  to  mnwl 
causes,  (a)  Economy  requires  that  a  road  shall  be  openM 
and  placed  on  an  earning  basis  as  soon  as  possible.  ThenfoR 
the  reported  cost  of  a  road  during  the  first  few  yean  oC  iti 
existence  is  somewhat  less  than  that  reported  later.  Tina 
well  illustrated  when  a  long  series  of  consecutive  reports  fnm 
an  old-established  road  is  available;  neariy  every  year  then 
will  be  shown  an  addition  to  the  previous  figures.  And  tkb 
is  as  it  should  be.  The  magnificent  road-beds  of  aome  cU 
roads  cannot  be  the  ci'eation  of  a  single  sea<K>n.  It  takes  muf 
years  to  produce  such  settled  perfect  structures.  (6)  A  bip 
part  of  the  variation  is  due  to  a  neglect  to  charge  up ''  pemaiMat 
improvements"  as  additions  to  the  cost  of  the  road.  For  tts 
first  few  years  of  the  life  of  a  road  a  great  deal  of  woric  is  doM 
which  is  in  reality  a  completion  of  the  work  of  conatraetiai^ 
and  yet  the  cost  of  it  is  buried  under  the  item  "mamtcoaDas 
of  way."  For  example,  a  long  wooden  trestle  is  veplaeed  tj 
an  earth  embankment  and  a  culvert.  Since  the  original  tTCidi 
is  to  be  considered  a  temporary  structure,  the  eseeess  of  thi 
cost  of  the  permanent  structure  over  that  of  the  tenipomy 
structure  should  evidently  be  considered  as  an  addition  to  tia 
cost  of  the  road.  But  if  the  filling-in  was  done  slowly,  a  lev 
train-loads  at  a  time,  and  the  work  scattered  over  numy  yssn^ 
the  cost  of  operating  the  ''mud-train"  has  periiaps  been  boiM 
under  ''maintenance"  charges,  (c)  The  reports  from  iMk 
many  of  the  following  figures  were  taken  have  not  alwsyi 
analyzed  the  items  of  cost  with  the  same  detail  aa  has  tiaia 
here  attempted,  and  to  that  is  probably  due  many  of  the 
tions  and  apparent  discrepancies. 

400 
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The  various  items  of  cost  will  be  classified  as  follows:    • 

1.  Preliminary  financiering. 

2.  Smreys  and  engineering  expenses. 

3.  Land  and  land  damages. 

4.  Clearing  and  grubbing. 

5.  Earthwork,  including  rockwork;  tunneling. 

6.  Bridges,  trestles,  and  culverts. 

7.  Trackwork,  material  and  track  labor. 

8.  Buildings  and  miscellaneous  structures. 

9.  Interest  on  construction. 
10.  Rolling  stock. 

441.  Item  l.  PRELIMINARY  FXITANCIERING.  The  cost  of  this 
preliminary  work  is  exceedingly  variable.  The  work  includes 
the  clerical  and  legal  work  of  organization,  printing,  engraving 
of  stocks  and  bonds,  and  (sometimes  the  most  expensive  of  all) 
the  securing  of  a  charter.  This  sometimes  requires  special 
legislative  enactments,  or  may  sometimes  be  secured  from  a 
State  railroad  commission.  It  has  been  estimated  that  about 
2%  of  the  railway  capital  of  Great  Britain  has  been  spent  in 
Parliamentary  expenses  over  the  charters.  These  expenses 
are  usually  but  a  small  percentage  of  the  total  cost  of  the  enter- 
prise, but  for  important  lines  the  gross  cost  is  large,  while  the 
amount  of  money  thus  spent  by  organizations  which  have 
never  succeeded  in  constructing  their  roads  is,  in  the  aggregate, 
an  enormous  amount,  although  it  is  of  course  not  ascertainable 
by  any  investigator. 

Another  occasional  feature  of  the  financing  of  a  road  must  be 
kept  in  mind.  The  promoters  of  a  railroad  enterprise  frequently 
endeavor  to  limit  their  own  personal  expenditures  to  the  purely 
preliminary  expenses  as  mentioned  above.  The  project,  after 
having  been  surveyed,  mapped,  and  written  up  in  a  glowing 
"prospectus,"  is  submitted  to  capitalists,  in  the  endeavor  to 
have  them  furnish  money  for  construction,  the  money  to  be 
secured  by  bonds.  If  the  project  will  stand  it,  the  amount  of 
the  bond  issue  is  made  sufficient  to  pay  the  entire  cost  of  the 
road,  even  with  a  discount  of  perhaps  15%.  The  bond  issue 
may  also  provide  for  a  very  generous  commission  to  the  broker 
who  is  the  intermediary  between  the  promoters  and  the  capi- 
talists. The  bond  issue  may  even  provide  for  repaying  the 
promot'^rs  for  their  preliminary  expenses.  Frequently  a  con- 
siderable proportion  of  the  capital  stock  goes  to  the  capitalists 
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who  take  tlie  bonds,  the  promoters  retaining  only  sooh  pKpoh 
tion  as  may  be  agreed  upon.  In  such  a  case,  the  capital  bUm^ 
is  "pure  velvet/'  and  costs  nothing.  Its  future  value, 'wfaatew 
it  may  be,  is  so  much  clear  profit.  The  effect  of  such  a  fi««M»Ml 
policy  is  to  burden  the  project  with  a  capitalisation  ^fludi  ii 
far  in  excess  of  the  actual  cost  of  constructing  the  road.  Oonk- 
paratively  few  projects  will  stand  such  over-d^italisation. 
The  apparent  financial  failure  of  many  railroads,  whidi  ham 
gone  into  the  hands  of  receivers  is  due  to  their  inability  to 
make  returns  on  an  over-capitalization  rather  than  becsoM 
they  could  not  earn  enough  to  pay  the  legitimate  cost  of  thdr 
construction.  These  features  of  financiering  are  really  fon|p 
to  the  engineer's  work,  but  he  should  know  that  many  prajerti 
which  would  return  a  handsome  profit  on  an  inyestmoit  amouB^ 
ing  only  to  the  legitimate  cost,  will  be  rejected  by  d^ritiWiti 
because  it  is  apparent  that  there  is  not  enough  ''Taint" 
in  it. 

442.  Item  a.  Suryets  aitd  ENGnrBrarao  BzpsnBS.  Tte 
comparison  of  a  large  number  of  itemized  reports  on  the  ooik 
of  construction  shows  that  the  cost  of  the  "engineering"  wfl 
average  about  2%  of  the  total  cost  of  construction.  TUi  In- 
cludes the  cost  of  surveys  and  the  cost  of  laying  out  and  819*- 
intending  the  constructive  work.  The  cost  of  mere  surveying 
up  to  the  time  when  construction  actually  commenees  hM 
been  variously  quoted  at  $60,  $75,  and  even  $300  per  milB. 
The  lower  figures  generally  refer  to  the  hasty,  iil-considned-iraik 
which  was  formerly  common  and  which  has  resulted  in  so  mnflli 
badly  located  road,  much  of  which  has  been  rooonstniolBdli 
when  improvements  arc  practicable.  See  the  introductoiy  pu^ 
agraphs  of  Chapter  I.  Except  when  the  topography  limits  tit 
location  t^)  one  very  obvious  route,  a  thorough  survey  may  ooik 
about  $300  per  mile.  In  the  estimate  given  at  Uie  end  of  thk 
chapter  the  cost  of  **  engineering  and  office  expenses  "  is  gflMS 
at  5%  of  the  coet  of  the  construction  work.  Tfaje  item  tlm 
includes  the  cost  of  the  very  considerable  amount  of  ehrial 
work  and  superintendence  incident  to  the  expenditure  of  sunk' i 
large  sum  of  money. 

443.  Item  3.  Land  and  Land  Damages.  The  cost  of  iUl 
item  varies  from  the  extreme,  in  which  not  only  be  land  lof 
ri^t-of-way  but  also  grants  of  public  land  adjoinj  g  t3bb  Had 
'«e  given  to  the  corporation  as  a  subsidy,  to  the  <   hsr 
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irhere  the  right-of-way  can  only  be  obtained  at  exorbitant 
irices.  The  width  required  is  variable,  depending  on  the 
«ridth  that  may  be  needed  for  deep  cuts  or  high  fills,  or  the 
jxtra  land  required  for  j^ards,  stations,  etc.  A  strip  of  land 
I  mile  long  and  8.25  feet  wide  contains  precisely  1  acre.  An 
average  width  of  4  rods  (66  feet),  therefore,  requires  8  acres  per 
nile.  On  the  Boston  &  Albany  Railroad  the  expenditure 
issigned  to  "land  and  land  damages"  averages  over  $26000 
per  mile.  Of  course  this  includes  some  especially  expensive 
and  for  terminals  and  stations  in  large  cities.  Less  than  $300 
per  mile  was  assigned  to  this  item  by  an  unimportant  18-mile 
•oad. 

444.  Item  4.  Clbariitg  and  ORUBsmo.  The  cost  of  this 
may  vary  from  zero  to  100%  for  miles  at  a  time,  but  as  an 
average  figure  it  may  be  taken  as  about  3  acres  per  mile  at  a 
3ost  of  say  $50  per  acre.  The  possibility  of  obtaining  valuable 
timber,  which  may  be  utilized  for  trestles,  ties,  or  otherwise, 
and  the  value  of  which  may  not  only  repay  the  cost  of  clearing 
and  grubbing,  but  also  some  of  the  cost  of  the  land,  should  not 
DC  forgotten. 

445.  Item  5.  Earthwork.  This  item  also  includes  rock- 
work.  The  methods  of  estimating  the  cost  of  earthwork  end 
rockwork  have  been  discussed  in  Chapter  III.  The  percentage 
of  this  item  to  the  total  cost  is  very  variable.  On  a  western 
prairie  it  might  not  be  more  than  5  to  10%.  On  a  road  through 
the  mountains  it  will  run  up  to  20  or  25%.,  and  even  more. 
The  item  also  includes  tunneling,  which  on  some  roads  is  a 
heavy  item. 

446.  Item  6.   Bridges,  Trestles,  and  Culverts.  This  item 

will  usually  amount  to  5  or  6%  of  the  total  cost  of  the  road. 
In  special  cases,  where  extensive  trestling  is  necessary,  or 
several  large  bridges  are  required,  the  percentage  will  be  much 
higher.  On  the  Other  hand,  a  road  whose  route  avoids  the 
watercourses  may  have  verj*^  little  except  minor  culverts.  On 
the  Boston  &  Albany  the  cost  is  given  as  $5860  per  mile;  on 
the  Adirondack  Railroad,  $2845  per  mile.  Considering  their 
relative  character  (double  and  single  track),  these  figures  are 
relatively  what  we  might  expect. 

447.  Item  7.  Trackwork.  This  item  will  be  considered  as 
including  everything  above  subgrade,  except  as  otherwise 
itemized. 
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(a)  Ballast.  As  already  elaborated  in  Chapter  VII,  Balk 
the  standards  for  dci)th  of  ballast,  in  order  to  produce  a  unife 
pressure  on  sub-grade,  have  so  increased  that  former  estimi 
are  inapplicable.  The  increased  depth  now  called  for  is  usu 
provided  by  using  a  layer  of  sub-ballast  made  of  comparativ 
inexpensive  material,  such  as  cinders,  which,  being  a  by-prodi 
has  only  a  nominal  cost.  The  unit  cost  of  ballast  per  co 
yard  varies  from  merely  nominal  to  the  cost  of  broken  sto 
which  may  cost  $1.50  or  even  $2.00  per  cubic  yard. 

(b)  Ties.  Ties  cost  an3nvhere  from  $1.40  down  to  50  c.  i 
even  less.  At  an  average  figure  of  80c.,  2640  ties  per  mile  i 
cost  $2112  per  mile  of  single  track.  The  cheaper  ties  are  usui 
smaller  and  more  must  be  used  per  mile,  and  this  tends  to  oo 
pensate  the  difference  in  cost. 

The  following  tabular  form  is  convenient  for  reference: 

TABLE  XXX. NUMBEB   OF    CB08S-TIE8   PEB   MIXiB   OV  TBACK. 


Number  per 

Average  spacing 

Number 

33'  rail. 

center  to  center. 

per  mile. 

22 

18 . 0  inches 

3520 

21 

18.9      •• 

8360 

20 

19.8      •• 

3200 

19 

20.9      •* 

3040 

18 

22.0      " 

2880 

17 

23.3      •• 

2720 

16 

24.75    •• 

2560 

15 

26.4      *• 

2400 

14 

28.3      •• 

2240 

13 

30.5      •• 

2080 

(c)  Rails.  The  total  weight  of  the  rails  used  per  iqfle  n 
best  be  seen  by  the  tabular  form. 

A  convenient  and  useful  rule  to  remember  is  that  the  niim] 
of  long  tons  (2240  lbs.)  per  mile  of  single  track  equals  the  woj 
of  the  rail  per  yard  times  •^.  The  rule  is  exact.  For  ezaini 
there  are  3520  yards  of  rail  in  a  mile  of  single  track;  at  701 
per  yard  this  equals  246,400  lbs.,  or  110  long  tons  (ezacU 
but  70X^^  =  110. 

Any  calculation  of  the  required  weight  of  rafl  for  a  gr 
weight  of  rolling-stock  necessarily  depends  on  the  asBunqita 
which  are  made  regarding  the  support  which  the  zaib  reoc 
from  the  ties.  This  depends  not  only  on  the  width  and  apae 
of  the  tics  (which  arc  determinable),  but  also  on  the  supii 
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TABLE  XXXI. — TONS  PER  MILE  OP  RAILS  OP  VARIOUS  WEIGHTS. 


Tons 
(22401b.) 
per  mile 
of  single 

track. 

133.571 
141.429 
149.286 
157.143 
172.857 
188.571 


Tons 

Tons 

Tons 

Weight 

(22401b.) 

Weight 

(22401b.) 

Weight 

(22401b.) 

Weight 

in  lbs. 

per  mile 

in  lbs. 

per  mile 

in  lbs. 

per  mile 

in  lbs. 

per  yd. 

of  single 
track. 

per  yd. 

of  single 
track. 

per  yd. 

of  single 
track. 

per  yd. 

8 

12.571 

25 

39.286 

55 

86.429 

85 

10 

15.714 

30 

47.143 

60 

94.286 

90 

12 

18.857 

35 

55.000 

65 

102.143 

95 

14 

22.000 

40 

62.857 

70 

110.000 

100 

16 

25.143 

45 

70.714 

75 

117.857 

110 

20 

31.429 

50 

78.571 

80 

125.714 

120 

About  two  per  cent  (2%)  extra  should  be  allowed  for  waste  in  cutting. 

which  the  ties  receive  from  the  ballast,  which  is  not  only  very 
uncertain  but  variable.  No  general  rule  can  therefore  claim 
any  degree  of  precision,  but  the  following  is  given  by  the  Bald- 
win Locomotive  Works:  The  weight  per  wheel  which  can  be 
safely  carried  for  each  pound  weight  of  rail  per  yard  is  approxi- 
mately as  follows: 

Light  rails;  60  lbs.  and  less  per  yard;  250  lbs.; 
Medium  rails;  60  lbs.  to  90  lbs.  per  yard;  300  lbs.; 
Heavy  rails;  90  lbs.  and  over  per  yard;  350  lbs. 

This  assumes  that  the  rails  are  properly  supported  by  cross  ties, 
not  less  than  14  per  30-ft.  rail.  For  example,  a  Mikado  loco- 
motive with  153,200  lbs.  on  8  drivers  has  a  load  of  19,150  lbs. 
per  wheel.  This  divided  by  300  gives  ()3.8.  According  to  the 
rule,  the  rails  for  such  a  locomotive  should  weigh  at  least  63.8 
lbs.  per  yard.  But  it  should  be  noted  that  railroads  which 
use  Mikado  locomotives  will  also  have  their  track  laid  with 
heavier  than  63.8  (or  65)  pound  rails.  The  rule  should  there- 
fore be  considered  as  the  minimum  permissible.  A  road  with 
even  one  high-speed  train,  or  a  Class  A  road  (§  234),  should 
use  80  to  90  lb.  rails,  even  if  not  required  by  the  above  rule. 

On  the  basis  of  33-foot  lengths,  and  10%  shorter  lengths, 
varying  by  even  feet  down  to  25  feet  (see  §  273  e),  the  average 
length,  assuming -an  equal  number  each  of  the  shorter  length 
rails,  would  be  32.55  feet.  Calculating  similarly  for  30-ft.  rails, 
with  10%  shorts  to  24  feet,  the  average  length  would  be  29.65 
feet.  60-ft.  rails,  used  extensively  for  electric  roads,  with  10% 
shorts  to  40  feet,  will  have  average  length  of  58.95  feet. 

(d)  Si^iee-lMurs,  track-bolts,  and  spikes.  These  are  usually 
sold  by  the  pound,  except  the  patented  forms  of  rail-joints, 
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which  are  Bold  by  the  pair.  In  any  case  they  are  subjrrt 
market  fluctuations  in  price.  As  an  appraximutc  value 
(□tlowinK  prinet!  arc  quoted:  ^plive-bara,  2^  cents  jier  poui 
track-bolts,  4,0  ccnis;  epikes,  3.25  cents.  Tlie  weight  iif  ■ 
Bphee-hars  will  depend  on  the  precise  paltcm  odofitixl  - 
crosa-flcction  and  lenicth. 

In  Table  XXXIi  are  quoted,  from  a  catatoguc  of  tUc  ]lli:i 
Steel  Co.,  the  nc))(hts  per  foot  of  nections  of  anKle-tiorn  nil 
they  rerammend  for  various  weiqhts  of  rail  and  which  art' 
sigacd  to  fit  standard  A.  K.  C.  E.  rail  sections  of  those  wcIkI 
The  net  weiplit  of  the  angle-bars  may  be  approximatnl 
subtracting  about  2.<')'X  to  4%  from  the  gross  wei|ijit  to  all 
for  the  Itolt-liulcs.  A  deduction  of  2.5%  is  usually  aixiiit  rii 
for  the  lieavicr  sections.  Their  recommendatiuiio  n'ganl 
IcnKths  of  angle-bara  do  not  include  thost;  for  rails  heavier  U' 
50  pounds  pf-T  yard.  On  the  basis  of  a  l':nj;th  of  2-1  ini'hc;> 
four-hole  spMees  and  of  :!2  Inc^hes  for  six-lu>le  Biiliecn,  the  u'cifc) 
of  Ei|>lire-I)nrfl  have  been  computed  for  the  s(^v(!^al  styles  of  iii>Iii 
for  heavier  rails,  allowing  2.5%  for  the  holes.  The  lenici 
reconimendwl  for  track  bolts  arc  those  which  will  allow  ali 
i  inch  tor  the  iiutlock  and  for  margin,  except  for  the  lightt-r  rail 
TABLf;  XXXII. — SFUce-BAits  roR  various  weiobts  op  rails. 


Wl'iKllt 

ni„(lc.-t.nr. 

Z^i. 

31" 

1.19 

ai" 

fl.M 

21" 

7-". 

ia4" 

1?: 

">l 

■21" 
(Ji" 

i!  r 

:2" 

\\  f 

I  TrBck~)aying.      Much  d<-|H-ndM  ihi  the  furca  uf  moi)   i 

111  aiiil  iIk' U!>c<>f  HyHU'iiuitieiif'ltKxkHi  3li2.t  pur  mile  «*-■< 
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TABLB   XXXm. RAILKOAD   SPIKES. 


^F' 

Ties 24"  between™- 

Soitable 

Pounds. 

■Kegs. 

1 

880 

E 

23. 4B 

45  1°  100 

TABLE  xxxiT. — raACK-Bocra. 

Avintse  number  in  a  keg  of  200  pounds. 


Average 

lenith  of 
Feel. 

Feet. 

T^^,'" 

4-^,.. 

6-bolt. 

30 

3,2 

1408 

112 

60-40 

58.95 

179,1 

717 

075 
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estimate  formerly  employed  by  the  Pemisylvania  Railroad. 
$500  per  mile  is  the  estimate  given  in  §  451.  See  note  at 
bottom  of  p.  536. 

448.  Item  8.  Bufldings  and  Miscellaneous  Stractures.  Ex- 
cept for  rough  and  preliminary  estimates,  these  items  must  be 
individually  estimated  according  to  the  circumstances.  The 
subitems  include  depots,  engine-houses,  repairHshops,  ivater- 
stations,  section-  and  tool-houses,  besides  a  large  variety  of 
smaller  buildings.  The  structures  include  turn-tables,  cattle- 
guards,  fencing,  road-crossings,  overhead  bridges,  telegraph  line, 
etc.  The  detailed  estimate,  given  in  §  451,  illustrates  the  cost 
of  these  smaller  items. 

449.  Item  9.  Interest  on  Construction.  The  amount  of 
capital  that  must  be  spent  on  a  railroad  before  it  has  begun 
to  cam  anything  is  so  very  large  that  the  interest  on  the  cost 
during  the  period  of  construction  is  a  very  considerable  item. 
The  amount  that  must  be  charged  to  this  head  depends  on  the 
current  rate  of  money  on  the  time  required  for  construction  and 
on  the  ability  of  the  capitalists  to  retain  their  capital  where 
it  will  be  earning  something  imtil  it  is  actually  needed  to  pay 
the  company's  obligations.  C)f  course,  it  is  not  necesaaiy  to 
have  the  entire  capital  needed  for  construction  on  hand  irhcn 
construction  commences.  Assiuning  money  to  be  worth  6%, 
that  the  work  of  construction  will  require  one  J^ear,  that  the 
money  may  be  retained  where  it  will  earn  something  for  an 
average  period  of  six  months  after  construction  conunenoes, 
or,  in  other  words,  it  will  be  out  of  circulation  six  months  before 
the  road  is  opened  for  traffic  and  begins  to  earn  its  way,  then 
wc  may  charge  3%  on  the  total  cost  of  construction. 

450.  Item  10.  Rolling  Stock.  The  cost  depends  on  the  traffic 
to  be  handled  and  bears  very  little  relation  to  the  total  or  the 
mileage  cost  of  the  n)adbed  and  track.  In  each  case  the  cost, 
at  proper  luiit  prices,  of  the  locomotives  and  cars  neoeasary  to 
liandle  the  estimated  traffic  must  be  computed. 

451.  Detailed  estimate  of  the  cost  of  a  line  of  nmd.  Hw 
following  estimate  was  given  in  the  En^neering  News  of  Dec  27, 
1900,  of  the  cost  of  the  Duluth,  St.  Cloud,  Glencoe  '•&  Mitp|y||it<^ 
Railroad,  157.2  miles  long. 

The  cstinjate  is  exactly  as  copied  from  the  Engineering  Newt. 

There  are  some  numerical  dis(Tepanciea.     Item  26  should  eri- 

lently  be  based  on  the  sum  of  the  first  25  items,  and  item  27 
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on  the  sum  of  the  first  26.    The  figures  in  parentheses  ( )  are 
deduced  from  the  figures  given. 

1.  Right-of-way:  1905.3acres  (12.12  acres  per  mile)  @  $100  per 

acre $190530 

2.  Clearing  and  grubbing.  144  acres  (0.916  acre  per  mile)  @  $50 

per  acre 7200 

3.  Earth  excavation.  1907590  cu.  yds.  (12135  cu.  yds.  per  mile) 

@  15  c 286138 

4.  Rock  excavation.  5100  cu.  yds.  (32.44  cu.  yds.  per  mile)  @  80  c.  4080 
i  Wooden-box  culverts.  508300  ft.  B.M.  @  $30  per  M. .   $15249 

I  Iron-pipe  culverts.  879840  lbs.  @  3c.  per  lb 26395  41644 

.1  Pile  trestling.  4600  lin.  ft.  @  35  c.  per  lin.  ft 1610 

1  Timber  trestling.  609300  ft.  B.M.  @  $30  per  M 15279  16889 

Bridge  masonry:  5520  cu.  yds.  @  $8  per  cu.  yd 44160 

Bridges,  iron,  100  spans.  2000000  lbs.  @  4  c.  per  lb. . .     80000  124160 

8.  Cattle-guards 8750 

9.  Ties  (2640  per  mUe) .  419813  (159.02  miles)  @  35  c 146935 

10.  Rails  (70  lbs.  per  yd.):  110  tons  per  mile,  17492.2  tons  (159.02 

miles  @$26. 384797 

11.  Rail   sidings  (70  lbs.  per  yd.)  :  110  tons  per  mile,  3300  tons 

(30 miles@  $26 85800 

12.  Switch  timbers  and  ties 3300 

13.  Spikes:  5920  lbs.  per  mile.  1107040  (187  m.)  @  1.75.  c.  per  lb.  19373 

14.  Splice-bars.  2635770  lbs.  @  1.35  c.  per  lb 35583 

15.  Track-bolts  (2  to  joint  (?)):   188458.3  lbs.  @  2.4  c.  per  lb 4520 

16.  Track-laying    187.2  miles  @  $500  per  mile 93600 

17.  Ballasting:  2152  cu.  yds.  per  mile,  402854  (187.2  m.)  @  60  c. .  241712 

18.  Turn-out  and  switch  furnishings 6450 

19.  Road-crossings,  68040  ft.  B.M.  @  $30  per  M 2041 

20.  Section  and  tool-houses,  16  @  $800 12800 

21.  Water-stations 15000 

22.  Turn-tables,  6  @  $800 4800 

23.  Depots,  grounds,  and  repair-shcfps 78000 

24.  Terminal  grounds  and  special  land  damages 150000 

25.  Fencing,  314  miles  ($150  per  mile) 47100 

26.  Engineering  and  office  expenses  (5%  of  $1984458) 99222 

27.  Interest  on  construction  (3%  oi  $2083680) 62510 

28.  Rolling-stock  ($5000  per  mile) 786000 

29.  Telegraph  line:  157  miles  @  $200  per  mile 31400 

$3060340 
Average  cost  per  mile  ready  for  operation,  $19467. 
Approximate  cost  of  130  miles  from  St.  Cloud  to  Duluth,  estimated  at 

$23000  per  mile. 
Approximate  cost  of  entire  line  from  Albert  Lea  to  Duluth,  287.2  miles, 

$6050340  ($21060  per  mile). 

Although  the  above  estimate  is  now  (1921)  so  old  that  the 
prices  are  obsolete,  the  list  is  retained  since  it  is  a  typical  analysis 

and  may  be  utilized  by  making  the  proper  changes  in  imit  prices, 
which  is  always  more  or  less  necessary. 


CHAPTER  XVIIL 


THE   POWER   OF   A   LOCOMOTIVE. 

452.  Potmds  of  steam  produced.  The  power  ihat  can  be 
developed  by  a  locomotive  depends  very  greatly  on  tbe  quality 
of  the  coal  burned  and  the  design  of  the  locomotive  must  oorre^ 
spond  to  the  general  kind  or  quality  of  coal  to  be  used.  A 
British  thermal  unit  (symbolized  as  B.t.u.)y  is  the  quantity  of 
heat  required  to  raise  the  temperature  of  1  lb.  of  pure  water 
1^  F.,  when  the  water  is  at  or  near  its  maximum  density  at  39.1° 
F.  When  it  is  said  that  a  certain  grade  of  coal  has  14000 
B.t.u.  it  means  that  the  heat  in  1  lb.  of  that  coal  will  raise  the 
temperature  of  14000  lbs.  of  water  1°,  or,  approximately!  100  lbs. 
of  water  140°.  But,  although  it  only  requires  180.0  heat  onits 
to  heat  water  from  32°  to  212°,  it  requires  965.7  more  heat  units 
to  change  it  from  water  at  212°  to  steam  at  212°.  It  requires 
only  53.6  more  heat  units  to  change  it  from  steam  at  212°  to 
steam  at  387.6°  or  with  a  pressure  of  200  lbs.  per  ^uare  inch. 

A  study  of  locomotive  tests  made  at  the  St.  Louis  Exposition 
resulted  ui  the  comt)ilation  of  Table  XXXVI,  which  is  copied 
from  the  Proceedings  of  the  American  llailway  Elngineering 
Association,  and  is  now  included  iis  Table  I,  in  the  "  Eksonomios" 
section  of  their  Manual.  It  wiis  found  that  the  steam  produced 
per  square  foot  of  heating  surface  is  very  nearly  proportional  to 
the  coal  burned  i)er  scjuare  foot  of  heating  surface.  The  results 
are  pur]>osely  made  about  5%  below  the  results  obtained  in  the 
St.  Louis  tests  to  allow  for  ordinary  working  conditions. 

453.  Numerical  example.  The  theory  developed  in  this 
chapter  will  be  illustrated  numerically  by  applying  it  to  a  Milr^Aii 
t^'pc  of  locomotive  whose  dimensions  are  as  follows: 


Cvlimlnr diam.  22" 

C/ylindor stroko  28" 

Thriving  whtjol diam.  57" 

Hoilcr  prcHHuro. 185  lbs. 

Fire-box lenKth  1021 

Virc-box width  651" 

atv  urua 40 . 8  sq.  f  t. 


// 


Weight,  driving  wlieels.   108,900 1k^ 

fugine  alone IfMilOO  Ifai. 

engine  and  tender. .  . .  315,000  Ibi* 
Heating  surface,  fir»-b<A 

and  tubes 2605  aq.  ft. 

superheating  surfMe .     900-  aq;  ft 

fiOO 
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TABLE  XXXVI. — ^AVERAGE  EVAPORATION  IN  LOCOMOTIVE  BOILERS 
BURNING  BITUMINOUS  AND  SIMILAR  COALfl  OP  VARIOUS    QUAI/- 
ITIES,  AND  FOR  VARIOUS    QUANTITIES    CONSUMED    PER    SQUARE 
K)OT  OF  HEATING  SURFACE  PER  HOUR. 
(BaAcd  on  feed  water  at  60^  Fahrenheit,  and  boiler  preMura  200  pounds) 


Coal  per  square 

foot  of  heating 

Surface  per  hour 

(lb.) 


Steam  per  pound  of  coal  of  given  ih^rmfil  value 

(lb.) 


0.8 
0  9 
1.0 

1.1 
1.2 
1.3 
1.4 
1.5 


1 
1 


6 
7 


1.8 
1.0 
2.0 

2.1 
2.2 
2.3 
2.4 
2.5 


2 
2 
2 


6 
7 

,8 


2.9 
3.0 


14,000 
B.t.u. 


7.84 
7.07 
6.82 

6.59 
6.37 
6.16 
5.95 
6.76. 

5.67 
5.40 
5.24 
5.08 
4.92 

4.78 
4.64 
4.61 
4.38 
4.26 

4.14 
4.03 
3.93 
3.83 
3.73 


13.000 

12,000 

11,000 

B.t.u. 

B.t.u. 

B.t.u. 

6.81 

6.39 

5.76 

6.57 

6.06 

5.56 

6.34 

6.85 

5.36 

6.12 

5.65 

5.18 

6.91 

6.46 

6.00 

5.71 

5.27 

4.83 

5.52 

5.10 

4.67 

5.35 

4.94 

4.62 

5.18 

4.78 

4.38 

5.02 

4.63 

4.25 

4.86 

4.49 

4.12 

4.71 

4.36 

3.99 

4.57 

4.22 

3,86 

4.44 

4.10 

3.75 

4.31 

3.98 

3.64 

4.19 

3.86 

3.54 

4.07 

3.75 

3.44 

3.96 

3.65 

3.34 

3.84 

3.55 

3.25 

3.74 

3.46 

3.17 

3.64 

3.37 

3.09 

3.55 

3.28 

3.01 

3.46 

3.19 

2.93 

10,000 
B.t.u. 

5.24 
5.05 
4.87 

4.71 
4.66 
4.39 
4.25 
4.H 


3 

3 

3 

3, 

3 


98 
86 
74 
63 
51 


3.41 
3.31 


3 

3, 

3 


22 
13 
04 


2.96 
3.88 
2.80 
2.73 
2.66 


The  quantity  of  steam  evaporated  for  intermediate  quantities  or  qualities 
of  coal  can  be  ^ound  by  interpolation. 

On  bad- water  districts  deduct  the  following  from  tabular  quantities: 

For  each  A  inch  of  accumulated  scale 10  per  cent 

For  each  grain  per  U.  8.  gallon  of  foaming  salts 

in  the  average  feed  water , .      1  per  cent 

Assume  that  this  locomotive  is  using  coal  whose  air-dried 
mine  samples  tested  13(XX)  B.t.u.;  then  the  average  rutt-of-car 
coal  would  have  about  90%  of  this  or  11700  B.t.u.  On  the 
basis  that  a  fireman  can  handle  40(X)  lbs.  of  coal  per  hour  an4 
maintain  such  work  throughout  his  run,  the  coal  may  be  fed  at 
the  rate  of  (4000 -5-2565)  =  1.56  lbs.  per  hour  per  square  foot  of 
heating  surface.  Interpolating  in  Table  XXXVl  for  1.56  and 
11700  we  find  that  the  pounds  of  steam  per  pound  of  coal  would 
be  4.72.    The  tests  at  St.  Louis  showed  that  a  redaction  in 
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boiler  pressure  increased  very  slightly  the  amount  of  steam  pro- 
duced, but  that  this  amount  was  only  0.5%  greater  when  the 
pressure  was  160  lbs.  instead  of  200  lbs.  The  effect  of  variation 
of  pressure  can  therefore  be  ordinarily  ignored.  In  this  case 
it  might  add  0.2%  or  make  the  figure  4.73.  Considering  that 
a  superheater  adds  from  15  to  25%  to  the  ej£ciency,  we  will 
assume  the  average  of  20%  and  say  that  0.80  lb.  of  the  super- 
heated steam  produced  may  be  considered  as  having  the  same 
volume  and  pressure  as  1  lb.  of  saturated  steam.  Tlien  the 
amount  of  steam  develop>ed  by  1  lb.  of  coal  would  be  the  equivih 
lent  of  4.73 -^0.80  =  5.91  lbs.  Then  the  equivalent  amount  of 
steam  developed  per  hour  equals  5.91  X4000  «=  23640  lbs. 

454.  Weight  of  steam  per  stroke  at  full  cut-off.  This  may  be 
computed  most  easily  by  utiUzing  Table  XXXVII,  which  is 
also  taken  (but  somewhat  amplified),  from  the  Proceedings  of 
the  American  Railway  Engineering  Association,  and  is  now 
included  as  Table  2  in  the  '' Economics '^  section  of  their  Manual 
The  weight  of  steam  per  foot  of  stroke  for  22  ins.  diameter  and 
185  lbs.  gauge  pressure  is  1.161  lbs.  and  for  a  stroke  of  28  ins. 
(2§  ft.)  it  is  2.709  lbs.  For  a  complete  revolution  of  the  driven 
it  is  4X2.709  =  10.836  lbs.  Since  the  engine  can  develop  the 
equivalent  of  23640  lbs.  of  steam  per  hour  and  will  use  10.836  lbs. 
at  one  revolution,  it  can  run  at  a  speed  of  23640-^10.830=2182 
revolutions  per  hour,  or  36.36  revolutions  per  minute,  at  fuD 
stroke  and  maintain  full  boiler  pressure.  The  drivers  are  67 
ins.  in  diameter  and,  therefore,  have  a  circumference  of  (57+12) 
X3.1416  =  14.923  ft.  The  maximum  engine  speed  for  full 
stroke  is  36.36X14.923  =  542.6  ft.  per  minute.  Multiplying  by 
00  and  dividing  by  5280,  or  dividing  by  88,  we  have  6.167  miks 
per  hour  as  the  maximum  speed  at  which  full  stroke  can  be  main- 
tained, which  is  the  value  M  for  these  conditions. 

455.  Pounds  of  steam  and  per  cent,  of  cut-off  for  mult^les  of 
M  velocity.  In  Table  XXXVIII,  also  taken  from  the  fto- 
ccedings  of  the  American  Railway  Engineering  Association  and 
now  included  at  Table  4  in  the  "  Economics  "  section  of  the  Man- 
ual, are  given  the  pounds  of  steam  per  indicted  hoTBe-powtf 
liour  for  simple  and  for  compound  locomotives  for  Taiiooi 
velocities,  which  are  multiples  of  Af,  the  Tnayimiiin  velod^ 
at  which  the  locomotive  can  use  steam  at  full  stroke  and  yet  tli0 

ir  can  maintain  steam  at  full  pressure.    The  table  la 
on  the  basis  of  200  lbs.  gauge  pressurei  but  faoton 
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TABLE  XXXVII. — WEIGHT  OF  STEAM  USED  IN  ONE  FOOT  OP  STROKE 

IN  LOCOMOTIVB   CYLINDERS. 

(Cylinder  diameter  is  for  high-pressure  cylinders  in  compound  locomotives) 


Weight  of  steam  per  foot  of  stroke  for 

various 

gauge 

pre^ures. 

Diameter 

of  cylinder 

220  lbs. 

210  lbs. 

200  lbs. 

190  lbs. 

180  lbs. 

170  lbs. 

160  lbs. 

(inches) 

per 

per 

per 

per 

per 

per 

per 

sq.  in. 

sq.  in. 
ab.) 

sq.  in. 
Ob.) 

sq.  in. 

sq.  in. 
ab.) 

sq.  in. 

sq.  in. 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

12 

0.405 

0.389 

0.370 

0.354 

0.337 

0.321 

0.304 

13 

0.475 

0.456 

0.435 

0.415 

0.396 

0.376 

0.357 

14 

0.551 

0.529 

0.504 

0.482 

0.459 

0.436 

0.414 

15 

0.633 

0.607 

0.579 

0.553 

0.527 

0.501 

0.476 

15i 

0.675 

0.649 

0.618 

0.590 

0.562 

0.535 

0.508 

16 

0.720 

0.691 

0.658 

0.629 

0.599 

0.570 

0.541 

17 

0.812 

0.780 

0.744 

0.710 

0.676 

0.643 

0.611 

18 

0.911 

0.875 

0.834 

0.796 

0.759 

0.-722 

0.685 

18i 

0.962 

0.924 

0.881 

0.841 

0.801 

0.762 

0.724 

19 

1.015 

0.975 

0.928 

0.887 

0.845 

0.804 

0.763 

19i 

1.069 

1.027 

0.978 

0.934 

0.890 

0.847 

0.804 

20 

1.125 

1.080 

1.029 

0.983 

0.936 

0.891 

0.836 

20i 

1.181 

1.134 

1.081 

1.032 

0.984 

0.936 

0.888 

21 

1.240 

1.191 

1.134 

1.083 

1.032 

0.982 

0.932 

22 

1.361 

1.307 

1.245 

1.189 

1.133 

1.078 

1  023 

23 

1.487 

1.428 

1.361 

1.300 

1.238 

1.178 

1.118 

24 

1.620 

1.555 

1.482 

1.416 

1.348 

1.283 

1.218 

25 

1.758 

1.688 

1.608 

1.536 

1.462 

1.392 

1.322 

26 

1.901 

1.825 

1.739 

1.661 

1.582 

1.506 

1.430 

27 

2.050 

1.968 

1.875 

1.792 

1.706 

1.624 

1.542 

28 

2.204 

2.117 

2.017 

1.926 

1.835 

1.745 

1.657 

For  weight  of  steam  used  per  revolution  of  drivers  at  full  cut-off: 
Multiply  the  tabular  quantity  by  four  times  the  length  of  stroke  in  feet 

for   simple   and   four-cylinder   compounds.     For   two-cylinder   compounds 

multiply  by  two  times  the  length  of  stroke. 


given  for  other  pressures.  For  example,  continuing  the  above 
numerical  problem,  the  poimds  of  steam  per  i.h.p.-hour,  for  a 
simple  locomotive,  at  M  velocity,  and  at  2(X)  lbs.  pressure,  taken 
from  Table  XXXVIII,  is  38.30;  for  185  lbs.  pressure  we  must 
multiply  by  the  factor  1.0095,  which  makes  the  quantity  38.66. 
Dividing  this  into  23640,  the  steam  produced  per  hour,  we  have 

611.5,  the  i.h.p.  at  M  velocity.  Multiplying  this  by  33000, 
the  foot-pounds  per  minute  in  one  horse-power,  and  dividing  by 

542.6,  the  velocity  in  feet  per  minute,  we  have  37190,.  the  cylinder 
tractive  power  in  pounds,  when  burning  4000  lbs*  of  coal  per 
hour  and  running  at  6.167  m.p.h.  ^     - 
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TABLE  XXXVIII. — ^MAXIMTTM  CUT-OIT  AND   POITNDS  OF  BTBAM  FKR 
I.H.P.-HOUR  FOR  VARIOUS  MUI/TIPUES  OF  M, 

(Jf  is  manmum  velocity  in    miles  per  hour  at  full    oai-off.   witll  boilff 
pressure  at  200  i>ouiids  per  square  inch) 


Velocity 


Cut-off 
per  cent 


1.0 
1.1 
1.2 
1.3 
1.4 


1.5  •• 

1.6  •• 

1.7  " 

1.8  " 
1.9 


M 


i  I 


2.0 
2.1 
2.2 
2.3 
2.4 

2.5 
2.6 
2.7 
2.8 


1 1 
<  ( 
1 1 
I  < 

4  I 


Full 
94.4 
89.1 
84.3 

7Q.7 

75.4 
71.4 
67.7 
64.3 
61.0 

58.0 
55.2 
52.6 
50.1 
47.8 

45.7 
43.7 
41.8 
40.1 


Pounds  steam  per 
I.H.P.-hour 


Simple 


38.30 
36.46 
34.89 
33.56 
33.41 

31.40 
30.49 
29.67 
28.93 
28.23 

27.62 
27.05 
26.52 
26.06 
25.67 

25.32 
25.02 
24.76 
24.54 


Com- 
pound 


25.80 
24.36 
23.24 
22.35 
21.65 

21.14 
20.77 
20.52 
20.40 
20.40 

20.40 
20.40 
20.40 
20.40 
20.40 

20.47 
20.60 
20.73 
20.88 


Velocity 


M 


2.9 
3.0 
3.2 
3.4 
3.6 


3.8  •• 
4.0  •• 
4.26  •• 
4.50  " 
4.75  •• 


5.0 
5.5 
6.0 
6.5 
7.0 

7.5 
8.0 
9.0 


1 1 
<  < 

4  4 
4  4 
I  4 


Cut-off 
poreent 


38.6 
37.0 
34.2 
31.8 
39.8 

28.0 
26.4 
34.7 
23.3 
22.1 

21.1 
19.6 
18.4 
17.6 
17.1 

16.7 
16.4 
16.1 


Pounds  steam  p«r 
I.H.P.-hour 


Simple 


24.37 
24.22 
84.00 
23.85 
23.80 

28.80 
23.87 
24.05 
24.24 
24.44 

24.64 
24.98 
25.20 
26.45 
25.60 

26.70 
25.80 
25.00 


GoB> 


21.04 
21.21 
21.57 
21. 9S 
22.37 

22.57 
22.85 


22.66 

22.85 

21.15 
24.70 


For  steam  per  i.h.p.-hour  for  other  boiler  pretBure  taks  tha  foOowinf  par* 

ccntagcs  of  values  given  in  table: 


1601b.,  103.0%. 
170  1b.,  102.1% 


180  lb. 
190  1b. 


101.3% 
100.6% 


2101b..  00.8% 
2001h.,  fig.2^ 


456.  Draw-bar  Pull.  To  obtain  the  draw^bar  pull  m  nivt 
deduct  the  engine  resistance.  These  have  already  been  dil- 
cussed  in  §  429  and  the  numerical  value  of  the  resistanoe  of  this 
same  locomotive  has  been  there  computed  to  be  about  1771  Ib|> 
Subtracting  this  from  37190  we  have  35419  Uw.,  the  ^gtimntri 
draw-bar  pull  for  that  speed  and  coal  oonsinnptioil. 

457.  Effect  of  increasing  the  rate  of  coal  ceoitnmrtlQQ.  To 
note  the  effect  of  increasing  the  rate  of  ooal  oonnuoptioiii  tte 
problem  may  be  again  worked  through  on  the  baaia  that  th9  lyta 
of  coal  cx)nsumption  is  increased,  even  temporariljr,  from  40QO 
lbs.  to  5000  lbs.  per  hour.  The  steam  developed  pw  pomd  joC 
coal  is  reduced  from  5.91  to  5.23,  but  the  total  steam  pvo^veid 
per  hour  is  increased  from  23640  to  26150.  The  is  MUiod  Oft" 
pacity  comes  through  a  loss  of  efficiency.    The  inoi       id 
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production  taises  the  velocity  at  which  full  stroke  may  be  tnaia- 
tained  from  6.167  m.p.h  to  6.820  m.p.h  and  the  i.h.p.  from 
611.5  to  676.4.  But  the  computed  cylinder  tractive  power  is 
practically  identical)  the  numerical  computation  of  37190  being 
only  changed  to  37189.  But  these  cylinder  tractive  powete 
are  each  computed  iot  the  "  M  "  velocities)  the  maximum  v^ 
locities  at  which  full  stix^  can  be  maintained,  and  **  M**  is 
higher  with  inct^eosed  coal  consumption.  For  a  real  comparison, 
the  figures  must  be  reduced  to  the  same  veiocity,  e.g.,  the  work- 
ing velocity  of  10  m.p.h.  10 4-6.167 « 1.621,  the  multiple  for  the 
original  problem.     For  ^WOO  lbs.  of  coal  per  hour,  M  velocity  is 


TABLE    XXXIX*.-HPftR    CftNT    CYLIKDfiR    TRACTIVE     POWER    FOR 

VARtOXJS  MtTLTIPLES  OP  Af. 

(M  is  maximum  VBlocity  in  miles  per  hour  at  which  botiet  pressure  can  be 

maintained  with  full  out-<^) 


Veloc- 
ity 


Start 

0.5  M 

1.0  " 

1.1  " 

1.2  •' 


<  ( 
t  > 
« t 


1.3 
1.4 
1.5 
1.6 
1.7  '» 

l.S  " 
1.9  " 

2.0  " 

2.1  •• 

2.2  •• 

2.3  " 

2.4  " 

2.5  *♦ 

2.6  " 

2.7  " 

2.8  " 

2.9  " 

3.0  " 

5.1  " 

3.2  •• 

3.3  •• 

3.4  •• 

3.5  '• 


Per  cent 
(Com- 
pound) 


135.00 

103.00 

100.00 

96.28 

92.55 


88. 8S 
85.12 
81.40 
7.68 
3.98 


I 


Per  cent 
(Sim- 
ple) 


^.25 
66.54i 

63. sr 

^.20i 
57.48 

54.97 
52.68 
50.42 
48.16 
46.08 

44.10 
42.29 
40.57 
98.96 
37.42 

35. 9€ 
34.66 
33.53^ 


106.00 

103.00 

100.00 

95.57 

91.53 


87. 83^ 
84.46 
81.37 
78.55„_ 

75.«rtl4 


I 


Veloc- 
ity 


73.60 
71.41 
69.37 
67.47 
65.67 

63.94 
62.22 
60.55 
58.92 
57.33 

55.78t 

54.26 

52.78 

^1.33 

49.91 


48.55 
47.24 
45.07 


6  M 

7  •• 

8  •• 

9  " 

0  " 

1  •• 

2  " 

3  " 

4  " 

5  " 


14. « 
4.7 
4.8 
4.0 
5.0 

5.1 
5.2 
5.3 
5.4 
5.5 


1 1 
•  < 


5.6  '* 

5.7  •' 

5.8  " 

6.9  •" 

6.0  •• 

6.1  •• 

6.2  •• 
.3^' 


Per  cent 
(Com- 
pound) 


32.40 
31.25 
30.10 
29.14 
28.24 

27.38 
26.56 
25.77 
25.03 
£4.^4 

23.69 
23.07 
22.48 
21.92 
21.38 

20.87 
20.37 
10.<89 
19.43 
18.!99 


Per  cent 
(Sim- 
ple) 


44.76 
43.66 
42.39 
41.24 
40.10 

39.00 
37.96 
36.97 
36.03 
35.13 

34. d6 
33.41 
32.59 
31.82 
31.11 

30.42 
29.76 
2^.10 
28.48 
27.87 

27.33 
26.  &1 
26.30 
25.81 
25.34 

24. 8S 
24.44 
24.01 


Veloc- 
ity 


6 
6 


4 
6 
6.6 

6.7 
6.8 


M 


6.^*' 

7.0  •♦ 

7.1  •• 

7.2  •• 

7.3  '• 

7.4  •• 

7.5  •• 
7.6*' 

7.7  *• 

7.8  •• 

7.9  *• 
8.0*" 

8.1  •* 

8.2  •' 
8.3" 

8.4  •• 

8.5  *• 
8.6'* 
8.7** 
8.8" 

8.9  " 
9.0^' 


Per  cent 
<Oom* 
pound) 


Per  cent 
(Sim- 
ple) 


23.59 
23.18 
2Z.7^ 
22.42 
22.06 

21.71 
21.38 
21.06 
20.75 
20.45 

20.16 

10.88 
19.61 
19.34 
19.08 

18.82 
IS.  57 
1«.33 
18.09 
17.'86 

17.64 
17.43 
17.22 
17.041 
16.82 

16.63 
16.45 


ii<«ifc^»W^^^»  I     I  I  I  I  I  I 


*  Table  5  in  "  Biconomics '*  Section  o!  Manmal  »f  American  Railway 
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6.820  m.p.h.,  and  the  multiple  is  1.466.  From  Tabk  XXXIX 
i^e  find  that  the  percentages  of  cylinder  tractive  power  for  simple 
engines  for  these  two  multiples  of  M  are  78.01  and  82.42,  reepeo- 
tively.  The  higher  value  is  105.7%  of  the  lower,  which  Bbows 
that,  in  this  case,  adding  25%  to  the  rate  of  coal  ooDBumption 
adds  only  5.7  to  the  cylinder  tractive  power  at  10  in.p.h. 

458.  Effect  of  using  a  better  quality  of  coaL  As  aDothor 
instructive  variation  of  the  same  problem,  assume  that  the  ooal 
has  effective  B.t.u.  of  13000,  instead  of  only  11700.  It  will  be 
found  that  steam  will  he  produced  more  rapidly,  the  M  velocity 
is  6.867  m.p.h.  and  the  horsepower  at  that  velocity  is  680.3, 
but  the  cylinder  power  is  computed  to  be  37191  lbs.,  which  u 
again  almost  identical  with  the  previous  values,  although  the  M 
velocity  is  still  higher.  The  multiple  for  10  m.p.h.  is  1.456  and 
by  Table  XXXIX  the  per  cent,  of  cylinder  tractive  power  is 
82.73,  which  is  an  increase  of  6%  over  78.01%,  showing  that  the 
increase  in  effective  B.t.u.  from  11700  to  13000  adds  6%  to  the 
cylinder  tractive  power  at  10  m.p.h. 

459.  Check  with  approximate  rule.  Applying  £q.  103  to 
the  al)ovc  data  on  the  basis  that  the  ''  effective  steam  preesure  " 
is  85%  of  the  gauge  pressure  (185)  or  157  Ibe.,  we  will  have 

^      .      ,           22^X157X28    „^_^  „ 
Tractive  force  = =37327  lbs. 

57 

This  agrees  with  the  more  precise  value  (37190)  computed  above 
^o  within  one-half  of  one  per  cent.  This  rule  is  more  simple  as  a 
method  of  obtaining  merely  the  maximum  tractive  power  at 
slow  velocities,  but  the  previous  method,  although  longer,  is 
preferable,  since  it  computes  the  critical  velocity  Af,  and  abo 
the  tractive  force  at  higher  velocities. 

460.  Tractive  Force  at  Higher  Velocities.  At  higiher  velodtiflB 
than  il/,  the  cylinder  power  falls  off  quite  rapidly,  since  the  steam 
is  cut  off  at  part  stroke  and  is  used  expansively.  The  piroper 
per  cent  of  cut-off  for  any  given  velocity  and  the  number  of 
pounds  of  steam  per  i.h.p.  are  shoAMi  in  Table  XXXVIII,  in 
which  is  give  the  per  cent  of  cylinder  tractive  power  for  multk* 
pics  of  M.  llbe  table  show^,  for  example,  that,  for  aimpb 
engines,  the  cylinder  tractive  power  is  69.37%  of  its  value  fxK 
full  stroke  when  the  velocity  is  2M  and  that  when  the  velocitj 
is  increased  to  bM  the  tractive  power  is  reduced  to  81.11%* 
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Applying  this  to  the  above  numerical  problem,  when  M =6.167 
m.p.h.,  the  cylinder  tractive  power  is  reduced  to  31.11%  of 
37190,  or  11570  lbs.,  but,  since  the  velocity  is  five  times  as  great, 
the  horse-power  developed  is  31.11  %X5  =  1.55  times  as  great. 
It  should  be  noted  that  Table  XXXIX  shows  a  slight  excess  of 
tractive  power  (6%  when  starting),  for  the  simple  engine.  This  is 
due  to  the  fact  that  with  very  low  velocities  the  cylinder  pressure 
more  nearly  equals  the  full  boiler  pressure  and  there  is  not  the 
usual  reduction  of  about  15%.  Also,  compound  locomotives  are 
operated  with  all  the  cylinders  using  full-pressure  steam,  which 
increases  their  effectiveness  at  starting  about  35%,  although  at 
some  loss  in  economy  of  steam  due  to  compounding.  But  since 
the  starting  resistances  are  so  much  greater  than  the  resistances  * 
above  5  miles  per  hour,  the  extra  assistance  is  very  timely. 

Any  competent  locomotive  designer  will,  of  course,  make  a 
design  such  that  there  is  a  proper  relation  between  cylinder 
power  and  tractive  adhesion.  In  the  above  case,  106%  of 
37190  =  39421  lbs.,  which  is  25.7%  of  the  weight  on  the  drivers, 
and  this  is  just  about  the  ratio  of  adhesion  which  may  be  ex- 
pected. 


Velocity. 


Multiples 
of  M. 


0.0 
1.0 
1.2 
1.6 
2.0 
3.0 
4.0 
5.0 
6.0 


Miles 
per  hour. 


0.000 

6.167 

7.400 

9.250 

12.334 

18.501 

24.668 

30.835 

37.002 


Cylinder  tractive. 

power 

Locomo- 

tive resist- 
ance 

Per  cent. 

Pounds. 

pounds. 

106.00 

39421 

1762 

100.00 

37190 

1771 

91.53 

34040 

1776 

81.37 

30261 

1783 

69.37 

25799 

1800 

52.78 

19629 

1847 

40.10 

14913 

1913 

31.11 

11570 

1999 

25.34 

9424 

2104 

Draw-bar 

pull, 
pounds 


37659 
35419 
32264 
28478 
23999 
17782 
13000 
9571 
7320 


A  graphical  illustration  of  the  variation  in  tractive  power  and 
velocity  may  be  obtained  by  computing  first  and  setting  down 
in  tabular  form  the  multiple  values  of  M  (6.167) ;  the  percentages 
taken  from  Table  XXXIX,  for  each  multiple  of  M;  the  products 
of  each  percentage  times  the  tractive  force  (37190),  for  M  veloc- 
ity; the  locomotive  resistance,  from  Table  XXIX,  for  each 
velocity;  and  the  net  draw-bar  pull  for  each  velocity.  These 
several  values  for  cylinder  tractive  pow^r  and  for  draw-bar  pull 
may  be  plotted  as  shown  iu  Fig.  208. 
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Tlie  itudent,  Bhould  realiie  that  the  abore  vhIum  rapnint  ' 
the  nuiximum  draw<bar  pull  which  the  locomotive  can  produoe, 
provided  the  fire-box  ia  fed  with  4000  \ba.  of  ooal  per  hour.  Hum 
draw-bar  pulk  aa  given  will  overcome  the  renstance  of  &  ti«m  of 
some  definite  weight,  at  uniform  speed,  along  a  atrftight  Invl 
tr&ok,  at  the  leveral  velodtieg  given.  A  leaa  weight  of  taflin 
will  be  drown  somewh&t  foster;  or,  it  will  travel  at  the  laiiH 
speed  by  using  leaa  coal  or  hj  throttlii^  the  ateam  and,  periiapi, 
wasting  it  at  the  blow-off.  A  heavier  train  could  not  maintNa 
euch  Bpeod.  While  the  values  givea  are  approxunately  oamot, 
a  the  quality  of  the  coal,  or  in  the  condition  at  tba 


Fig.  208.— TBACrrtvE  Powee,  Mik. 

triipk,  or  in  (he  firing,  or  in  the  management  by  tlie  e: 

will  alter  the  resiilts  mnterially,  nnd  they  should  not   be  i 

on  to  give  en  accurate  measure  of  what  can  and  will  be  aoeam* 

pliahed  at  n-H  times.    But  the  method  ia  useful  and  dependaUs 

in  compnring  two  types  of  engines,  or,  for  comparing  tba  opar- 

atiiig  results  of  light  trains  at  faatcr  speed  or  heavier  ti'aiaa  at 

slower  S|)eed,  using  the  same  engine,  or,  aa  shown  latBr,  of  ooin- 

poriiig  the  operating  results  of  using  a  certain  type  of  "nprw  gn 

two  grades  and  thus  estimating  the  value  of  reducing  the  bi|fMr 

grade. 

461.  Effect  of  Grade  on  Tractive  Power.  The  eSeot  of  p«dt 
on  tractive  power  is  best  shown  by  some  numerical  OOntmtMtiiS'l 
%('hose  resulla  aro  plotted  in  Fig.  200.  The  cylinder  tnotne 
power  was  computed  fur  three  engines  of  greatly  diCerent  total 
weight  and  power,  but  which  had  driving-axle .  kwda  qnrtr 
identical  (about  50750  lbs.),  and,  therefore,  by  the  ] 
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Locomotive  Works  rule,  given  in  §  268,  could  all  be  operated  on 
the  same  kind  of  track.  Using  the  rule,  iX60760 -5-300  ^84.5, 
which  means  that  the  rails  should  weigh  at  least  85  lbs.  per  yard. 
Making  computations  for  these  locomotives,  using  12000  B.t.u. 
coal,  similar  to  those  already  detailed  in  §§  453  et  seq,^  it  was 
found  that  the  cyUnder  tractive  powers  of  the  Pacific,  Mikado, 
and  Mallet  locomotives  were  29718,  33575,  49095  lbs.,  respec- 
tively, when  the  velocity  was  uniformly  10  m.p.h.  and  the  loco- 
motives each  buhied  4000  lbs.  of  coal  per  hour.  The  several 
engine  resistances  at  10  m.p.h.  are  easily  computed  from  Table 
XXIX  and  are  tabulated  below. 


? 

Engine  characteristics 
(At  velocity  F  •lO  m.p.h.) 

Pacific 

4-6-2 

(lb.) 

Mike  'io 

2-8-2 

(lb.) 

Mallet 

2-8-8-2 

(lb.) 

Cylinder  tractive  power 

Engine  resistance  on  level 

Draw-bar  pull  on  level 

Draw-bar  pull  on  3%  grade. .  .  . 

29,718 

2,205 

27,513 

16,213 

33,575 

2,648 

30,927 

18,207 

49,095 

4,864 

44,231 

25,631 

The  net  values,  or  the  draw-bar  pulls,  are  plotted  on  the  left- 
hand  vertical  line  of  Fig.  209,  and  in  each  case  are  the  left-hand 
ends  of  the  solid  lines  which  show  the  tractive  powers  of  the 
locomotives.  On  a  3%  grade  the  grade  resistances  for  the  loco- 
motives equal  60  lbs.  per  ton,  and  are  12300,  12720  and  18600 
lbs.,  respectively.  This  reduces  the  effective  draw-bar  pull  ap- 
proximately 40%  in  each  case.  Since  this  reduction  varies 
uniformly  with  the  grade,  we  may  plot  the  three  values,  15213, 
18207  and  25631,  on  the  3%  vertical  Une  and  draw  straight 
lines  which  represent  in  each  case  the  tractive  power  of  the 
locomotive  at  10  m.p.h.  and  on  any  grade  within  that  range. 

Assume  trains  of  cars,  all  averaging  50  tons  per  car  and  vary- 
ing from  10  cars  weighing  500  tons  to  50  cars  weighing  2500  tons. 
The  resistances  at  10  m%p.h  on  a  level  grade  are  given  by  Eq.  121, 
and  may  be  plotted  on  the  left-hand  vertical  hne  of  Fig.  209. 
Grade  adds  resistance  proportional  to  the  grade.  For  example, 
on  a  0.7%  grade  the  grade  resistance  per  ton  is  14  lbs.  and  for 
2500  tons  is  35000  lbs.  Adding  this  to  11580,  the  tractive  resist- 
ance, we  have  46580,  which  we  plot  on  the  0.7%  vertical  line. 
It  is  indicated  by  a  small  circle.  Joining  the  two  points  gives 
the  resistance  line  for  2500  tons  hauled  at  10  m.p.h.  The  circles 
on  the  other  lines  indicate  similar  computations.    The  inter*- 
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sections  of  these  re^tance  lines  with  the  lines  of  tntctivs  pomt 
indicate  the  relative  power  of  each  locomotiTe.  For  amnple, 
the  1000-ton  train  can  be  hauled  by  the  Padfie  looomoliTe  at 
10  m.p.b.  up  a  0.96%  grade,  but  a  Mikado  can  do  the  BOme  ona 
1.1%  grade,  while  the  Mallet  can  do  it  on  a  l^%  grade. 


E    ON    TSACTITB  PowaH. 


All  of  these  calculalions  were  made  on  the  baaii 
4000  lbs.  of  coal  per  hour,  which,  as  before  stated,  ia  the  pne- 
tinal  limit  of  what  an  ordioary  fireman  con  be  expected  to  do  foc 
an  extended  run. 

The  description  of  the  Mallet  locomotive  (built  by  the  Bal^ 
win  Locomotive  Works),  stated  that  its  tractive  power  ia  91000 
lbs.  A  computation  of  its  cylinder  tractive  power  at  if  tbIoc^, 
using  12000  B.t.u.  coal,  shows  it  to  be  95389  Ifae.  Sabtraetnif 
the  engine  resistance  (4843  Ibo.),  we  would  have  B0M6  Iha,, 
which  is  a  very  fair  check,  especially  as  the,  Baldwin  lAQoniOlflV 
Works  method  of  calculation  is  difierent. 
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462.  Acceleration-speed  curves.  The  time  required  for  an 
engine  of  given  weight  and  power  to  haul  a  train  of  known 
weight  and  resistance  over  a  track  with  known  grades  and  cur- 
vature is  an  important  and  necessary  matter  for  an  engineer  to 
compute,  since  the  saving  in  time  has  such  a  value  as  to  justify 
constructive  or  operating  changes  which  will  reduce  that  time. 
Fig.  208  shows  that  the  draw-bar  pull  is  very  much  greater  at 
very  low  velocities  than  at  the  moderate  speed  of  even  15  m.p.h. 
In  spite  of  the  increased  resistance  at  these  low  velocities  the 
margin  of  power  left  for  acceleration  is  also  greater  and  the 
"  speed  curve  "  is  really  a  curve  and  not  a  straight  line.  Its 
general  form  may  be  most  easily  developed  by  a  numerical 
example,  especially  as  each  case  has  its  own  special  curve. 

Illustrative  Example.  The  Mikado  locomotive,  whose  char- 
acteristics have  already  been  investigated  in  §§  453  et  seq.j  has 
draw-bar  pulls  at  various  velocities  as  shown  in  the  tabular 
form  in  §  460,  to  which  frequent  reference  must  be  made  in  this 
demonstration.  Assume  that  this  locomotive  starts  from  rest  on 
a  0.4%  upgrade,  hauling  a  train  of  14  cars,  each  weighing  50 
tons,  and  a  caboose  weighing  10  tons.  Then  the  normal  level 
tractive  resistance,  by  Eq.  107,  §  439,  equals 

i2  =  (2.2X710)+(122X16)=3392  lbs. 

The  grade  resistance  of  the  cars  will  be  20X0.4X710  =  5680  lbs. 
The  extra  starting  resistance  will  be  considered  as  6  lbs.  per  ton, 
or  4260  lbs..  These  three  items  total  13332  lbs.  The  average 
draw-bar  pull  of  the  locomotive  at  velocities  between  zero  and  M 
velocity,  which  is  6.167  m.p.h.,  is  4(37659+35419)  =36539  lbs., 
but  this  must  be  diminished  in  this  case  by  20  XO.4  X  157.5  =  1260 
lbs.  for  grade  and  by  157.5X6=945  lbs.  for  starting  resistance, 
leaving  a  net  draw-bar  pull  of  34334  lbs.,  excluding  the  force 
required  for  the  acceleration  of  the  locomotive.  The  net  force 
available  for  acceleration  of  both  the  locomotive  and  the  train 
is  34334-13332=21002  lbs.,  or  prorated,  is  21002 -^  (157.5+ 
710)  =24.21  lbs.  per  ton.  Transposing  Eq.  106,  with  Vi=0, 
72  =  6.167,  and  P  =  24.21  lbs.,  we  have  s  =  70(38.03 -0)-^ 24.21 
=  110  feet,  the  distance  required  to  attain  a  velocity  of  6.167 
m.p.h. 

While  the  velocity  is  increasing  from  1.0  ilf  to  1.2  Af,  the  mean 
draw-bar  puU  is  4(35419+32264) -1260 =32582  lbs.,  less  the 
accelerative   resistance   of   the   locomotive.    Subtracting   the 
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tractive  and  grade  resistances  of  the  can,  V9^  ii&Ve  82S62— SB92 
-5680=23510  lbs.  Note  that  there  is  Ho  longer  any  starting 
resistance.  The  accelerative  force  in  pou&dA  par  toki  is  28610 
•{-867.5=27.10.  The  distance  s  required  to  hiere&se  the  l^doe- 
ity  from  6.167  m.p.h.  to  7.400  m.p.h.,  iti  70(54.76—88.03)  + 
27.10=43  feet.  Similarly  the  distances  requiied  to  itmreaae 
the  velocity  from  1.2  M  to  1.5  M,  from  1.5  M  to  2M,  etc.,  ire 
computed  as  in  the  accompanying  tabtdar  fbrm. 

The  corresponding  distances  and  velocities  haVO  b6en  plotted 
in  Fig.  210.  The  velocity  of  10  m.p.h.  is  acquired  in  a  Uttie  orcr 
800  feet,  but  it  requires  500  feet  to  acquire  &  velocity  of  12^ 
m.p.h.  and  about  16000  feet  to  raise  it  to  29  m.p.h.  The  foVw^ 
in  pounds  per  ton,  available  for  acceleration,  is  mAirimnrfin  at  knr 
velocities,  after  the  extra  starting  resistance  is  oVerootne.  As 
the  margin  per  ton  for  acceleration  become^  less  and  tess,  the 
greater  is  the  distance  required  to  increase  the  vdocity  1  mile 
per  hour — especially  through  the  last  increments — up  to  the 
velocity  at  which  the  net  draw-bar  pull  exactly  equals  the  totsl 
car  resistance  and  the  velocity  becomes  uniform,  wfaieh  is  later 
computed  to  be  4.78  M.  There  is  an  approxiuiation  i&  usilig 
average  draw-bar  pulls  between  the  different  VelocitleB  at  wfaidi 
the  draw-bar  pull  has  been  definitely  computed,  but  the  com- 
puted distances  are  practically  correct  up  to  4  Af  velocity  or 
24.67  m.p.h.  But  the  computation  for  the  distiOtoS  reCfiiateA  to 
increase  the  velocity  from  4  Af  up  to  4.78  Af  is  far  fcss  aosorate  it 
the  average  draw-bar  pull  is  used.  The  effMihre-puH  lit  4  Jf 
velocity  equals  13000-1260  =  11740,  less  the  scoeleraiil^  leiM*' 
ance  of  the  locomotive.  The  tractive  and  gtade  tadsla&oS  of 
the  cars  at  this  velocity  is  3392+6680=9072.  TMs  leavtt 
11740-9072=2668  lbs.  available  for  acceleration  of  bMh  loed>- 
motive  and  cars.  The  reduction  in  tractive  foltse  LelWuMi  4  Af 
velocity  and  5  Af  velocity  (see  §  460),  is  13000-9671^8429  lbs. 
By  proportionate  interpolation  we  would  tbto  say  that  tfab 
excess  force  available  for  acceleration  would  be  ekhtfUtftsd  $k 
(2668 -r  3429)  =  .78  of  the  interval,  or  at  a  velocity  of  4.7S  M, 
or  29.48  m.p.h.  The  mean  accelerative  force  is  one4iatf  of  2888^ 
or  1334  lbs.,  which  is  1.53  lbs.  per  ton  of  tndn.  t1l6  dis- 
tance, by  an  inversion  of  Eq.  106,  is  computed  to  be  11925  ML 
Owing  to  the  approximate  equality  of  working  force  and  Mist- 
ance  and  the  momentary  variations  in  both,  the  ptfedsB  pdiHt 
where  the  acceleration  would  cease  and  the 
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Eq.  106,  s  =  (29.48*~24.672)70-5- 14.46  =  1262  feet,  the  distance 
at  which  the  velocity  would  reduce  to  4  ilf .  As  before,  the  other 
quantities  may  be  computed  and  recorded,  with  less  danger  of 
confusion  and  error,  by  tabulating  them,  as  given  in  §  462. 

The  mean  velocity,  when  retarding  from  4.78  M  to  4.0  M, 
reduced  to  feet  per  second,  is  as  before  39.71  feet  per  second,  and 
dividing  this  into  the  distance,  1262  feet,  gives  32,  the  time  in 
seconds.  The  quantities  for  the  reduction .  in  velocity  from 
4  Af  to  3  Af  and  from  3  Af  to  2  3f  are  computed  similarly.  The 
level  draw-bar  pull  for  1.5  M  is  28478  (see  §  460),  and  by  sub- 
tracting 3780,  we  get  24698  lbs.  the  actual  net  pull  on  the  grade. 
Similarly,  the  actual  pull  at  2  M  is  20219  lbs.    The  increase  from 

213 
20219  to  20432  is  TTzr=4.7%  of  the  interval  from  20219  to 

4479 

24698  and  4.7 %X. 5  =  .02;   therefore,  the  actual  draw-bar  pull 

just  equals  the  resistance  at  2.00  — .02  =  1. 983f,  or  12.21  m.p.h. 

The  deficiency  of  draw-bar  pull  at  2.0  M  =  20,432-20219=213 

lbs.     At  1.98  M  the  deficiency  is  zero  and,  therefore,  the  mean 

deficiency  is  one-half  of  213,  or  106.     Dividing  this  by  867.5, 

we  have  0.122,  which  is  the  value  of  P  in  Eq.  106.     Then 

8  =  (152.01  - 149.08)70^0.122  =  1681  ft. 

Velocities  in  miles  per  hour  can  be  readily  converted  into 
velocities  in  feet  per  second  by  multiplying  by  1.4667.  Averag- 
ing the  two  velocities  at  the  beginning  and  the  end  of  each  period 
gives  the  mean  velocity;  and  dividing  each  of  these  into  the 
distance  for  that  period  gives  the  time  in  seconds. 

464.  Drifting.  The  tractive  resistance  of  the  cars  of  the 
problem  just  worked  out  is  3392  lbs. ;  the  locomotive  resistance 
at  20  m.p.h.  is  1862  lbs.,  or  a  total  of  5254  lbs.  Variation  in 
velocity  will  affect  this  but  Uttle.  Dividing  by  867.5,  tlie  total 
weight  in  tons,  we  have  6.06  lbs.,  the  resistance  per  ton,  from 
which  the  equivalent  rate  of  grade  is  6.06 -r  20  =  .303%.  This 
means  practically  that  when  this  train  is  running  down  a  grade 
which  is  over  .303%  it  will  run  by  gravity  and  steam  may  be 
shut  off.  If  the  grade  is  much  greater  than  .303%  the  accelera- 
tion on  the  downgrade  may  become  so  great,  if  the  grade  is  very 
long,  that  the  velocity  may  become  objectionably  high. 

lUuatraiive  Example.  Assume  that  the  Hmiting  safe  velocity 
for  freight  trains,  considering  the  conditioxi  of  traqk  aad  rolling 
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stock,  is  35  m.p.h. ;  assume  that  the  train  we  have  been  rcmriiM 
reaches  a  0.4%  downgrade  at  a  Telooity  of  15  m.p«h*  Honr  M 
down  the  grade  will  it  run  with  steam  shut  off ,  before  the  wpm 
reaches  35  m.p.h.  and  brakes  must  be  implied?  Tbm  il » 
question  here  of  variable  tractive  power  sinoe  the  only  SKllml 
power  is  gravity.  The  resistance  is  nearly  independnifc  d 
velocity  and  we  will  here  assume  it  to  be  ao  and  utilin  lUbb 
XLII.  At  15  m.p.h.  the  train  has  a  velocity  head  iof  7.M  fML 
At  35  m.p.h.  the  velocity  head  is  4&01  feet.  The  irain  M% 
therefore,  drop  down  the  grade  a  vertical  heigjbLt  of  43«01'-7Jl 
'=35.11  feet  before  the  velocity  reaches  35  m.p.h.  ■  On  a  (U% 
grade  the  distance  required  for  such  a  fall  it  36.11<4i,OMM877f 
feet.  The  problem  in  §  462  assumed  that  the  0.4%  gnMbi 
16715  feet  or  more,  and  this  shows  what  will  faajipeli  to  Ab 
trains  moving  in  the  opposite  direotion. 

But  it  must  not  be  thought  that  there  ia  no  loas  of  eiiBi0 
during  drifting.  Even  though  no  steam  is  uaed  in  the  cyliadiK 
some  is  frequently  wasted  at  the  safety  valve  and  moie  is  ami 
in  operating  brakes  and  in  maintaining  the  brake  auMessrw 
at  full  pressure.  But  the  greatest  loss  of  heat  ia  thafc  dap  ti 
radiation,  especially  in  winter,  in  spite  of  all  the  jacketing  dsviM 
to  retain  heat.  Although  the  results  of  the  numerous  ttfli 
which  have  been  made  are  quite  variable,  the  following  appnib 
mate  averages  may  be  used:  The  loss  due  to  ladiatiM  iM 
standing  may  be  figured  at  120  lbs.  ol  coal  per  hout  per  VSKi 
square  feet  of  heating  surface;  while  drifting  the  loM-wSSk' 
crease  to  220  lbs.  per  hoiu*.  The  amount  of  eoai  und  for  Ifaal 
up  will  be  about  510.  This  is  based  an  the  U9e  ol  19QQ0  BiA 
coal.    The  better  the  coal,  the  less  will  be  used. 

Illristrative  Example.  The  Mikado  looomotive  ^veibaivajfaM 
considering  has  2565  square  feet  of  heating  aurfaoe.  It  nfllfhi 
require  about  2.565  X510»  1308  lbs.  of  coal  tofiie  up.  WIA 
drifting  down  the  grade,  referred  to  above,  a  dintimee  of  87i7fM 
the  average  velocity  is  1(15+35)^25  m.pJi. «> 36.67  fli'pil^lli 
and  the  required  time  is  8777 -i- 36.67  » 23d  seottada-ia  mia  A 
sec.  » .066  hour.  The  coal  used  while  drifting  domi  tUiilltfi 
run  would  be  i '       ;•..  • 

220X2.565X.066=37Ib8.  '     <:«  ^  ■      i 

At  this  point  brakes  would  need  to  be  app  ad 

spent  in  drifting  beyond  this  point  must  be  oompi      1 
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in  the  total  time  spent  on  the  run  and  alao  to  compute  the  total 
amount  of  coal  consumed  while  drifting.  Although  this  it^m 
of  37  lbs.  is  relatively  very  small,  its  method  of  computation  ia 
typical  of  the  computation  of  the  several  items  to  make  up  thjQ 
total  of  coal  consiuned  during  a  trip. 

^  465.  Review  of  computed  power  of  one  locomotive.  It  was 
assumed  that  it  started  on  a  +0.4%  grade  with  a  load  of  15  cars 
weighing  710  tons.  After  moving  16715  feet  (assuming  that 
the  grade  was  that  long),  and  doing  it  in  498  seoondsj  or  8  min- 
utes 13  seconds,  the  train  acquired  a  velocity  of  29.48  m.p.h. 
and  the  power  of  the  locomotive  would  then  be  sufficient,  when 
burning  4000  lbs.  of  coal  per  hour,  to  keep  it  moving  up  such  a 
grade  indefinitely  at  that  velocity.  In  case  the  grade  were  not 
as  long  as  16715  feet,  it  would  be  necessary  to  compute  the 
velocity  where  the  rate  of  grade  changed  and  make  that  the 
basis  for  the  computation  on  the  succeeding  grade.  But, 
assuming  that  the  grade  were  as  long  as  16715  feet,  or  more,  and 
that  the  velocity  of  29.48  m.p.h.  had  been  acquired,  and  that  the 
train  had  run  at  that  speed  for  some  distance — although  this 
does  not  modify  the  problem — ^the  train  is  assumed  to  reach  a 
still  steeper  grade -|- 1.2%.  The  velocity  then  begins  to  decrease 
and  in  a  total  distance  of  8252  feet  and  a  total  time  of  337  seo- 
onds,  or  5  minutes  37  seconds,  the  velocity  is  reduced  to 
12.21  m.p.h.,  at  which  velocity  the  locomotive  is  able  to  make 
steam  fast  enough  to  overcome  the  higher  resistance  on  the 
steeper  grade.  From  that  point  on,  assuming  that  the  1.2% 
grade  is  longer  than  8252  feet,  the  train  would  continue  for 
the  remaining  length  of  that  grade  at  the  velocity  of  12.21 
m.p.h. 

As  before  stated,  precision  in  the  above  results  depends  on 
many  factors  (such  as  B.t.u.  of  coal  used,  or  the  actual  consump- 
tion in  pounds  per  hour),  which  are  somewhat  variable.  Some^ 
times  the  variation  of  these  factors  from  the  values  used  above  is 
known;  sometimes  it  is  unknown  and  then  the  accuracy  of  the 
results  is  correspondingly  uncertain.  But  whether  accurately 
known  or  not,  when  this  method  is  used,  employing  the  best 
values  for  the  factors  which  are  obtainable,  the  method  shows 
a  valuable  comparison  of  two  proposed  aUnements  or  grades. 
In  such  a  comparison,  any  error  in  the  factors  Will  affect  both 
results  nearly,  if  not  quite,  equally,  and  the  comparative  resuto 
will  still  be  substantially  correct. 
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466.  Selection  of  route.  The  preceding  articles  may  be 
utilized  in  comparing  two  routes.  If  one  of  the  lines  is  already 
in  operation,  the  engineer  has  the  great  advantage  of  b^ng  able 
to  determine  by  test  exactly  what  results  may  be  obtained  on 
that  line  and  what  factors  should  be  used  in  oomputatiaiii. 

It  is  then  only  necessary  to  compute  the  quantitieB  for  the 
proposed  new  line.  When  both  lines  are  "  on  paper  "  there  m 
less  certainty  as  to  the  accuracy  of  the  results,  except  that  the 
line  which  is  shown  to  be  most  advantageous  will  probably  con- 
tinue to  be  most  advantageous  even  if  the  uncertain  faoton  used 
in  the  comparison  are  somewhat  changed.  Using  the  wirm^ho^ 
outlined  in  §§  462  to  464,  there  will  be  computed  the  behavior  cf 
an  assiuned  type  of  locomotive,  hauling  one  or  more  types  d 
train  load,  and  passing  over  tracks  having  definite  grades  and 
lengths.  The  effect  of  curves  may  be  disregarded  provided  tint 
the  grades  were  properly  compensated  during  original  oo^ 
struction,  and  then  the  rate  of  grade  for  the  entire  length  of 
straight  and  curved  track  may  be  taken  as  the  rate  on  the 
straight  track.  If  the  rate  of  grade  is  actually  unifonn,  even 
through  the  curves,  then  the  lengths  of  curved  track  muflt 
be  computed  separately  and  on  the  basis  of  a  rate  of  grade 
equal  to  the  actual  rate  plus  an  allowance  of  .035%  for  each 
degree  of  curve.  The  behavior  of  a  train  from  starting  to 
stopping  must  be  computed,  making  due  allo¥ranoe  for  esdi 
change  in  condition  which  will  affect  the  bailing  power  of  the 
locomotive.  The  locomotive  is  assumed  to  be  working  at  the 
limit  of  its  steaming  capacity,  except  when  drifting  with  stetm 
shut  o£f  on  a  down  grade,  or  when  brakes  are  applied,  either  to 
prevent  objectionably  high  velocity  on  a  down  grade  or  to  wniAn 
a  stop.  The  action  of  brakes  during  a  service  stop  (as  distin- 
guished from  an  emergency  stop),  may  be  considered  as  a  retard- 
ing force  varying  from  10%  to  20?o  of  the  train  weight.  Un- 
fortunately brake  action  is  so  variable,  being  directly  under  the 
control  of  the  locomotive  engineer  and  varying  from  aero  to 
the  full  braking  power,  that  any  computation  of  energy  used  in 
operating  them  or  of  the  effect  of  the  brakes  is  impracticsUB 
except  on  the  basis  of  arbitrary  assumptions  such  as  the  requiie- 
ment  that  the  brakes  are  used  in  such  a  way  that  a  train  will  be 
retarded  at  a  specified  rate.  The  performance  of  the  looomotive 
over  the  entire  division,  the  total  time  required,  its  velooity  in 
critical  places,  etc.,  can  be  computed.    In  ({  462  and  489  ft 
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was  shown  that  the  locomotive  considered  could  haul  the  par- 
ticular train  considered  up  a  0.4%  grade*  at  a  velocity  of  29.48 
m.p.h.  and  maintain  such  speed  indefinitely;  also  that  it  could 
haul  the  same  train  up  a  1.2%  grade  at  12.21  m.p.h.  and  main- 
tain its  velocity  indefinitely.  This  of  course,,  means  that  a 
much  heavier  train  could  be  hauled  up  the  0.4%  grade  and  that  a 
somewhat  heavier  train  could  be  hauled  up  the  1.2%  grade  with- 
out being  stalled,  although  the  velocities  in  each  case  would  be 
reduced.  There  are  an  infinite  number  of  combinations,  but 
there  are  usually  some  considerations  which  narrow  the  choice. 
Even  after  construction  is  complete  these  tables  may  be  utilized 
in  a  study  of  the  most  economical  combination  of  type  of  loco- 
motive and  amount  of  train  load  for  the  track  conditions  as 
they  may  exist. 

467.  Rating  of  locomotives.    The  maximum  power  of  a  loco- 
motive on  any  grade  at  M  velocity  is  measured  by  its  "  rating." 

Let  P=the  tractive  power  of  the  locomotive,  measured  at 

the  rim  of  the  drivers; 
^  =  Weight  of  engine  and  tender,  in  pounds; 
W  =  Weight  of  cars  behind  tender,  in  pounds; 
r=rate  of  grade,  or  the  ratio  of  vertical  to  horizontal; 
o=a  constant,  which  as  determined  by  tests =2.2  lbs. 

per  ton  or  .0011  lb.  per  pound  of  train; 
6=a  constant,  which  as  determined  by  tests  =  122  lbs. 

per  ton.  a  and  h  are  the  same  constants  as  are  used 

in  §  439. 
n=n\miber  of  cars  in  train. 

ThenP  =  (^+Tr)  {x-\-o)-\-^* 
Transforming, 

P  h 

■E=^W+n (122) 


r-\-a  r+a 

The  right-hand  side  of  this  equation  is  called  the  "rating,"  A> 
and  is  the  weight  of  the  train  behind  the  tender  plus  the  number 
of  cars  times  a  quantity  made  up  of  two  constants  and  the  rate 
of  grade.  This  quantity  is  independent  of  any  special  engine  or 
train  values  and  may  be  tabulated  for  various  rates  of  grade, 
as  given  in  Table  XL. 

Examples,  The  Mikado  locomotive  considered  in  §§  453, 
et  seq.y  has  a  tractive  power,  measured  at  the  rim  of  the  drivers, 
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TABLE  XL. — ^LOCOMOnVB  KATUTO  DZBOOUH^. 

VALUES  OF  &-r(rXa)  FOH  VARIOUS  GRADBa. 

(In  tons  per  car.) 


• 

? 

• 

• 

8^ 

3^ 

J 

if 

It 

«S8 

^ 

1^ 

iX 

1^ 

2^ 

u 

1^ 

is 

ki 

n 

n 

P 

i^ 

o 

H 

o 

H 

o 

H 

o 

H 

O 

h 

Level 

56 

0.6 

10.0 

1.0 

5.6 

l.« 

S.8 

s.o 

i.« 

0.1 

20 

0.6 

8.5 

1.1 

5.0 

1.6 

3.6 

8.1 

S.IS 

0.2 

20 

0.7 

7.5 

1.2 

4.6 

1.7 

3.4 

2.2 

S.tt 

0.3 

14 

0.8 

6.7 

1.3 

4.3 

1.8 

3.2 

2.8 

8.B 

0.4 

12 

0.9 

CO 

1.4 

4.0 

1.9 

• 

3.0 

2.4 

2.41 

at  M  velocity,  or  6.167  m.p.h.,  of  37100-1438  •* 30758  fiv., 
which  equals  P;   1432  is  the  locomotive  reflifitance  betwott 

cylinder  and  rim  of  drivers,  see  §  429.  The  weight  of  engine 
and  tender  is  315000  lbs.  What  is  its  rating  on  a  1.2%  gntie? 
The  value  of  r  for  a  1.2%  grade  ==.012;  a ^.0011  lb.  per  pound. 
Then 

p  35758 

A -—- -^  - ———-^315000  -  2,414,000  lb«*  - 1207  twM, 


r+a 


.012  H- .0011 


which  is  the  fating  for  that  locomotive  for  a  1.2%  grade.  But 
this  does  not  mean  1207  tons  of  cars.  Pladng  this  •qual  to  the 
right-hand  side  of  Eq.  122,  we  have 


1207  =  PF-f-n 


r+a 


The  value  of  — r-  for  a  1.2%  grade  is  given  in  TMk  XL  tt  4.0. 


r+a 


Then 


Pr  =  1207-4.6n, 


which  shows  that  the  weight  of  train  depends  on  the  number  of 
cars.  Assume  that  n  =  i6.  Then  T¥^»  1133.4  and  tha  aiMMBfls 
weight  per  car  is  70.8  tons.  Assume  that  the  oaf*  aite  il 
**  empties,"  weighing  18  tons  each;  then  TT^lSn,  aad 

n  =  1207 -T- (18 -f4.6) -=  63.4, 

which  must  be  interpreted  a.s  53  empty  cars. 

In  the  above  examples  the  ])ulling  power  P  is  d        ninitf  Qbttl 
basis  of  the  locomotive  working  at  the  ma^mum  ^     CffHty  M  rf 
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which  it  can  maintain  full  stroke.  See  §  455.  This  represents 
practically  the  maximum  power  of  the  locomotive.  The  velocity 
M  is  usually  from  4  to  7  miles  per  hour  and  is  as  low  as  should  be 
allowed  on  maximum  grades,  since  an  attempt  to  utiUze  a  sHghtly 
higher  tractive  force  at  a  somewhat  lower  velocity  would  prob* 
ably  result  in  stalling  the  train  if  an  unexpected  resistance  in 
the  track  sUghtly  increased  the  normal  resistance. 


9/ 
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CHAPTER  XrX. 

THE  PROMOTION   OF  RAILROAD  PROJECTra. 

468.  Method  of  formation  of  railroad  corporations.  Maii| 
business  enterprises,  especially  the  smaller  ones,  are  finMwwil 
entirely  by  the  use  of  money  which  is  put  into  them  cUiecUjr 
in  the  form  of  stock  or  mere  partnership  interest.  A  railrad 
enterprise  is  frequently  floated  with  a  comparatively  w«dl 
financial  expenditure  on  the  part  of  the  original  promotoi. 
The  promoters  become  convinced  that  a  railroad  between  A 
and  B,  passing  through  the  intermediate  towns  of  C  mm!  D, 
with  others  of  less  importance,  will  be  a  paying  inveetmcBt^ 
They  organize  a  company,  have  surveys  made,  obtain  a  cliarler, 
and  then,  being  still  better  able  (on  accoimt  of  the  additioml 
information  obtained)  to  exploit  the  financial  advantages  of 
their  scheme,  they  issue  a  prospectus  and  invite  subscriptioH 
to  bonds.  Sometimes  a  portion  of  these  bonds  are  g^uarantoed, 
principal  and  interest,  or  perhaps  the  principal  alone,  by  town- 
ships or  by  the  national  government.  The  cost  of  this  pn- 
liminary  work,  although  large  in  gross  amount  if  the  road  n 
extensive,  is  yet  but  an  insignificant  proportion  of  the  totil 
amount  involved.  The  proportionate  amount  that  can  be 
raised  by  means  of  bonds  varies  with  the  circumstanoes.  Li. 
the  early  history  of  railroad  building,  when  a  road  waa  pn^ 
jected  into  a  new  coimtry  where  the  trafiic  possibilitieB  nm 
great  and  there  was  absolutely  no  competition,  the  fimmiiM 
success  of  the  enterprise  would  seem  so  assured  that  no  dUB- 
culty  would  be  experienced  in  raising  from  the  sale  of  bondl 
all  the  money  necessary  to  construct  and  equip  the  road.  Bnft 
the  promoters  (or  stockholders)  must  furnish  all  money  for  the 
preliminary  expenses,  and  must  make  up  all  deficiencies  be- 
tween the  proceeds  of  the  sale  of  the  bonds  and  the  capital  ncedad 
for  construction. 

"In  theory,  stocks  represent  the  property  of  the  reBpondbh 
owners  of  the  road,  and  bonds  are  an  encumbrance  on  thiA 
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property.  According  to  this  theory,  a  raib*oad  enterprise 
should  begin  with  an  issue  of  stock  somewhere  near  the  value 
of  the  property  to  be  created  and  no  more  bonds  should  be 
issued  than  are  absolutely  necessary  to  complete  the  enter- 
prise. No^v  it  is  not  denied  that  there  are  instances  in  which 
this  theory  is  followed  out.  In  New  England,  for  example, 
as  well  as  in  some  of  the  Southern  States,  there  are  a  few  roads 
represented  wholly  by  stock  or  very  lightly  mortgaged.  But 
this  theory  does  not  conform  to  the  general  history  of  railway 
construction  in  the  United  States,  nor  is  it  supported  by  the 
figures  that  appear  in  the  summary.  The  truth  is,  railroads 
are  built  on  borrowed  capital,  and  the  amount  of  stock  that  is 
issued  represents  in  the  majority  of  cases  the  difference  between 
the  actual  cost  of  the  undertaking  and  the  confidence  of  the 
public  expressed  by  the  amount  of  bonds  it  is  willing  to  absorb 
in  the  ultimate  success  of  the  venture."  * 

"The  same  general  law  obtains  and  has  always  obtained 
throughout  the  world,  that  such  properties  (as  railways)  are 
always  built  on  borrowed  money  up  to  the  limit  of  what  is 
regarded  as  the  positive  and  certain  minimum  value.  The 
risk  only — the  dubious  margin  which  is  dependent  upon  sagac- 
ity, skill,  and  good  management — is  assumed  and  held  by  the 
company  proper  who  control  and  manage  the  property."  f 

469.  The  two  classes  of  financial  interests — the  security  and 
profits  of  each.  From  the  above  it  may  be  seen  that  stocks, 
bonds,  car-trust  obligations,  and  even  current  liabilities  repre- 
sent railroad  capital.  The  issue  of  the  bonds  "was  one  means 
of  collecting  the  capital  niecessary  to  create  the  property  against 
which  the  mortgage  lies."  The  variation  between  these  inter- 
ests lies  chiefly  in  the  security  and  profits  of  each.  The  current 
liabilities  are  either  discharged  or,  as  frequently  happens,  they 
accumulate  until  they  are  funded  and  thus  become  a  definite 
part  of  the  railroad  capital. 

The  growth  of  this  tendency  is  shown  in  the  following  tabular 
form  (see  next  page) : 

The  bonded  interest  has  greater  secm*ity  than  the  stock,  but 
less  profit.  The  interest  on  the  bonds  must  be  paid  before  any 
money  can  be  disbursed  as  dividends.     If  the  bond  interest 


*  Henry  C.  Adams,  Statistician,  U.  S.  Int.  Con.  Commission, 
t  A.  M.  Wellington,  Economic  Theory  of  Railway  Location. 
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years,  distinguished  themselves  by  declaring  a  dividend,  even 
though  small.  During  that  same  period  but  13.S6%  of  the 
stock  paid  over  6%  interest.  The  total  dividends  paid  amounted 
to  but  2.01%  of  all  the  capital  stock,  while  Investments  ordi- 
narily are  expected  to  yield  from  4  to  6%  (or  more)  according 
to  the  risk.  Of  course  the  effect  of  "watering**  stock  is  to 
decrease  the  nominal  rate  of  dividends,  but  there  is  no  dodging 
the  fact  that,  watered  or  not,  even  in  that  year  of  ''good  times," 
about  60%  of  all  the  stock  paid  no  dividends.  Unfortunately 
there  are  no  accurate  statistics  showing  how  much  of  the  stock 
of  railroads  represents  actual  paid-in  capital  and  how  much 
is  "water."  The  great  complication  of  railroad  finances  and 
the  dishonest  manipulation  to  which  the  finances  of  some  rail- 
roads have  been  subjected  would  render  such  a  computation 
practically  worthless  and  hopelessly  unreliable  now. 

During  the  year  ending  June  30,  1808  (which  may  in  general 
be  considered  as  a  sample),  15.82%  of  the  funded  debt  paid  no 
interest.  About  one  third  of  the  funded  debt  paid  between 
4  and  5%  Interest,  which  Is  about  the  average  which  Is  paid. 

The  Income  from  railroads  (both  Interest  on  bonds  and  divi- 
dends on  stock)  may  be  shown  graphically  by  diagrams,  such 
as  are  given  in  the  annual  reports  of  the  Interstate  Commerce 
Commission.  They  show  that  while  railroad  Investments  are 
occasionally  very  profitable,  the  average  return  Is  less  than 
that  of  ordinary  investments  to  the  investors.  The  indirect 
value  of  railroads  in  building  up  a  section  of  country  is  almwt 
incalculable  and  is  worth  many  times  the  cost  of  the  roads. 
It  is  a  discouraging  fact  that  very  few  railroads  (old  enough  to 
have  a  history)  have  escaped  the  experience  of  a  receivership, 
with  the  usual  financial  loss  to  the  then  stockholders.  But 
there  Is  probably  not  a  railroad  in  existence  which,  however 
niuch  a  financial  failure  In  Itself,  has  not  profited  the  community 
niore  than  Its  cost.  ^ 

470.  The  small  margin  between  profit  and  loss  to  projectors. 
When  a  railroad  Is  built  entirely  from  the  funds  furnished  by 
its  promoters  (or  from  the  sale  of  stock)  it  will  generally  be  a 
paying  investment,  although  the  rate  of  payment  may  be  very 
small.  The  percentage  of  receipts  that  Is  demanded  for  actual 
operating  expenses  Is  usually  about  67%.  The  remainder  will 
usually  pay  a  reasonable  Interest  on  the  total  capital  involved. 
But  the  operating  expenses  are  frequently  90  and  even  100%  of 
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the  gross  receipts.  In  such  cases  even  the  bondholden  do  mi 
get  their  due  and  the  stockholders  have  absolutely  notiiim 
Therefore  the  stockholder's  interest  is  very  speculative,  i 
comparatively  small  change  in  the  business  done  (as  is  fO» 
trated  numerically  in  §472)  will  not  only  wipe  out  altogether  tb 
dividend — taken  from  the  last  small  percentage  of  the, total 
receipts  and  which  may  equal  50%  or  more  of  the  capital  stod 
actually  paid  in — ^but  it  may  even  endanger  the  bondhoUatf 
security  and  cause  them  to  foreclose  their  mortgage.  In  toA 
a  case  the  stockholders'  interest  is  usually  entirely  lost.  B 
docs  not  alter  the  essential  character  of  the  above-stated  idt 
tions  that  the  stockholders  sometimes  protect  f.h<*iiuMJMM 
somewhat  by  buying  bonds.  By  so  doing  they  simply 
their  risk  and  also  decrease  the  possible  profit  that  might 
from  the  investment  of  a  given  total  amount  of  capitaL 

471.  Extent  to  which  a  railroad  is  a  monopoly.  It  is  apopa- 
lar  fallacy  that  a  railroad,  when  not  subject  to  the  direct  ecat 
petition  of  another  road,  has  an  absolute  monopoly — that  ift 
controls  ''all  the  traffic  there  is''  and  that  its  income  willbi 
practically  independent  of  the  facilities  afforded  to  the  piddki 
llie  growth  of  railroad  traffic,  like  the  use  of  the  so-calU 
necessities  or  luxuries  of  life,  depends  entirely  on  the  sapp^ 
and  the  cost  (in  money  or  effort)  to  obtain  it.  A  large  partrf 
railroad  traffic  belongs  to  the  unnecessary  class — such  as  tisvel- 
ing  for  pleasure.  Such  traffic  is  very  largely  affected  by  men 
matters  of  convenience,  such  as  well-built  stations,  conveniaift 
terminals,  smooth  track,  etc.  The  freight  traffic  is  very  laqgd^ 
dependent  on  the  possibility  of  delivering  manufactured  aitidei 
or  produce  at  the  markets  so  that  the  total  cost  of  produetki 
and  transportation  shall  not  exceed  the  total  cost  in  tint 
same  market  of  similar  articles  obtained  elsewhere.  The  CNfr 
tion  of  facilities  so  that  a  factory  or  mine  may  succesBfaQf 
compote  with  other  factories  or  mines  will  develop  such  tnlfiL 
The  receipts  from  such  a  traffic  may  render  it  possible  to  stiR 
further  develop  facilities  which  will  in  return  encourage  furtiw 
business.  On  the  other  hand,  even  the  partial  withdriKwil  d 
such  facilities  may  render  it  impossible  for  the  factory  or  rr- 
to  compete  successfully  with  rivals;  the  traffic  fumisfaed  bf 
them  is  completely  cut  ofT  and  the  railroad  (and  indiieotfy  tlii 
whole  community)  suffers  correspondingly.  The  "aMflltf 
necessary''  traffic  is  thus  so  small  that  few  ndlroada  oouid  piy 
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ilieir  operating  expenses  from  it.  The  dividends  of  a  road 
5ome  from  the  last  comparatively  small  percentage  of  its  revenue, 
ind  such  revenue  comes  from  the  "unnecessary"  traffic  which 
nust  be  coaxed  and  which  is  so  easily  affected  by  apparently 
nsignificant  "conveniences.'' 

472.  Profit  resulting  from  an  increase  in  business  done;  loss 
restilting  from  a  decrease.  In  a  subsequent  chapter  it  will 
oe  shown  that  a  large  portion  of  the  operating  expenses  are 
independent  of  small  fluctuations  in  the  business  done  and  that 
bhe  operating  expenses  are  roughly  two  thirds  of  the  gross 
revenue.  Assume  that  by  changes  in  the  alinement  the  business 
obtained  has  been  increased  (or  diminished)  10%.  Assume  for 
simplicity  that  the  operating  expenses  on  the  revised  track 
are  the  same  as  on  the  route  originally  planned;  also  that  the 
cost  of  the  track  is  the  same  and  hence  the  fixed  charges  are 
assumed  to  be  constant  for  all  the  cases  considered.  Assume 
bhe  fixed  charges  to  be  28%.  The  additional  business,  when 
carried  in  cars  otherwise  but  partly  filled  will  hardly  increase 
bhe  joperating  expenses  by  a  measurable  amount.  When 
3xtra  cars  or  extra  trains  are  required,  the  cost  'will  increase 
up  to  about  60%  of  the  average  cost  per  train  mile.  We  may 
say  that  10%  increase  may  in  general  be  carried  at  a  rate  of 
10%  of  the  average  cost  of  the  trafiic.  A  reduction  of  10% 
in  traffic  may  be  assumed  to  reduce  expenses  a  similar  amount. 
The  effect  of  the  change  in  business  will  therefore  be  as  follows: 


Business  increasea  10%. 

Business  decreased  10%. 

Dperating  exp.  =  67 
Fixed  charges  =  28 

67(1 4- 10%  X 40%)=  69.68 
28.00 

67(1  -  10%  X40%)=  64.32 
28.00 

95 
Fotal  income. .  .  100 

97.68 
Income 110.00 

Available    for    divi- 
dends     12.32 

92.32 
Income 90.00 

A.vailable  for  divi- 
dends      5 

Deficit.  . 2.32 

•  In  the  one  case  the  increase  in  business,  which  may  often 
be  obtained  by  judicious  changes  in  the  alinement  or  even  by 
better  management  without  changing  the  alinement,  more  than 
doubles  the  amount  available  for  dividends.  In  the  other  case 
the  profits  are  gone,  and  there  is  an  absolute  deficit.  The 
above  is  a  numerical  illustration  of  the  argument,  previously 
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stated,  of  the  imall  margin  between  profit  and  loes  to  tbe  ariginii 
projectors. 
473.  Rgtimation  d  probable  ▼oltim^  of  tmAc  mnd  of  pcobaUi 

growth.  Since  traffic  and  traffic  facilities  are  mutuaUy  intoi 
dependent  and  since  a  large  part  of  the  normal  traffic  is  man^ 
potential  until  the  road  is  built,  it  follows  that  the  traffic  «C  1 
road  will  not  attain  its  normal  volume  until  a 
time  after  it  is  opened  for  operation.  But  the  estimation 
of  this  normal  volume  is  a  very  uncertain  problem.  The  ol^ 
mate  may  be  approached  in  three  ways: 

1st.  The  actual  gross  revenue  derived  by  all  the  railntdi 
in  that  section  of  the  country  (as  determined  by  State  or  U.  & 
Gov.  rcpoi-ts)  may  be  divided  by  the  total  population  of  tki 
section  and  thus  the  average  annual  expenditure  per  head  d 
population  may  be  determined.  A  determination  c^  this  valqi 
for  each  one  of  a  series  of  years  will  give  ah  idea  of  the  norawl 
rate  of  growth  of  the  traffic.  Multiplying  this  ann^iftl  coatii' 
bution  by  the  population  which  may  be  considered  as  tribufean 
gives  a  valuation  of  the  possible  traffic.  Such  an  estimate  ll 
unreliable  (a)  because  the  average  annual  contribution  may  oak 
fit  that  particular  locality,  (&)  because  it  is  very  difficult  tfl 
correctly  estimate  the  number  of  the  true  tributary  populatiia 
esp>ecially  when  other  railroads  encroach  more  or  less  into  Al 
territory.  Since  a  rough  value  of  this  sort  may  be  leadih- 
dctermined,  it  has  its  value  as  a  check,  if  for  nothing  else. 

2(1.  The  actual  revenue  obtained  by  some  road  whoM 
circumstances  are  as  nearly  as  possible  identical  'with  t.b<>  -rtmA 
to  be  considered  may  be  computed.  The  weak  point  comutl 
in  the  assumption  that  the  character  of  the  two  roads  is  IdentM; 
or  in  incorrectly  estimating  the  allowance  to  be  made  for  d^. 
served  differences.  The  method  of  course  has  its  value  aa  a 
check. 

3d.  A  laborious  calculation  may  be  made  from  an  aMnal 
study  of  the  route — determining  the  possible  output  of  all 
factories,  mines,  etc.;  the  amount  of  farm  produce  and  of  lumbv 
that  might  be  shipped,  with  an  estimate  of  probable  iinwiiHlf. 
traffic  based  on  that  of  like  towns  similarly  situated.  XU 
method  is  the  best  when  it  is  properly  done,  hut  there  is  fdvM 
the  danger  of  leaving  out  sources  of  income — both 


and  tliat  to  be  developed  by  traffic  facilities,  or,  on  the  otiMf      i 
hand,  of  overestimating  the  value  of  expected  traffic,     Ii|  ttf  -i   t 
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ollowing  tabular  form  are  shown  the  population,  gross  re- 
eipts,  receipts  per  head  of  population,  mileage,  earnings  per 
ttile  of  line  operated,  and  mileage  per  10,000  of  population  for 
he  whole  United  States.  It  should  be  noted  that  the  values 
j:e  only  averageSy  that  individual  variations  are  large,  and  that 
►nly  a  very  rough  dependence  may  be  placed  on  them  as  applied 
o  any  particular  case. 


Year. 

Population 
(estimated). 

Gross 
receipts. 

Receipts 
per  head 
of  popu- 
lation. 

Mileagef 

Earnings 

per  mile 

of  line 

operated. 

Mileage 
per 

10,000 
popula- 

tion.t 

888... 
889... 
890. . . 
891... 

60,100.000 

61,450,000 

*62,801,571 

64,150,000 

$910,621,220 

964,816,129 

1051,877,632 

1096,761,395 

115.15 
16.81 
16.75 
17 .  10 

136.884 
153,386 
166,404 
161,276 

$6653 
6290 
6726 
6801 

24.94 
26.67 
26.05 
26.28 

892... 
893 . . . 
894... 
895 .  .  . 
896... 

65,500.000 
68,850.000 
68,200,000 
69,550,000 
70,900,000 

1171,407,343 
1220,751,874 
1073,361,797 
1075,371,462 
1150,169,376 

17.89 
18.26 
15.74 
15.46 
16.22 

162.397 
169,780 
175,691 
177,746 
181.983 

7213 
7190 
6109 
6050 
6320 

26.19 
26.40 
26.20 
25.97 
26.78 

897... 
898..  . 

O •T*'  •   •   • 

900.  .  . 
901. . . 

72,350,000 
73,600,000 
74,950,000 
♦76,295,220 
77,863,000 

1122,089.773 
1247,325,621 
1313.610,118 
1487,044,814 
1588,526,037 

15.53 
16.95 
17.63 
19.49 
20.47 

183,284 
184,648 
187,535 
192,656 
195,662 

6122 
6766 
7006 
7722 
8123 

25.63 
25.32 
25.26 
26.44 
26.62 

902 .  .  . 

903 .  .  . 

904.  .  . 

905.  .  . 

906.  .  . 

79,431,000 
80,998,000 
82,566,000 
84,134,000 
85,701,000 

1726,380,267 
1900,846,907 
1975,174,091 
2082,482,406 
2325,765,167 

21.88 
23.70 
24.23 
25.15 
27.66 

200,156 
206,314 
212,243 
216.974 
222,340 

8626 
9268 
9306 
9508 
10460 

25.76 
26.03 
26.34 
26.44 
26.78 

907... 
908..  . 
909 .  .  . 
910... 
911... 
912... 

87,279,000 
88,837,000 
90,405,000 
♦91,972,266 
93,572,266 
96,172,266 

2589,105,678 

2393,805,989 

2418,677,538 

2760,667,435 

2789,761,669 

2842,696,382 

29.63 
26.95 
26.71 
29.91 
29.81 
29.87 

227,465 
231,540 
234,800 
238,609 
244.476 
247,981 

11383 

10338    • 

10301 

11628 

11411 

11463 

26.38 

26.30 

26.20 

26.14 

26.10 

25.93 

Actual.      t  Excludes  a  small  percentage  not  reporting 

t  Actual  mileage. 


gross  receipts. 


*t 


The  probable  growth  in  traffic,  after  the  traffic  has  oncft 
ittained  its  normal  volume,  is  a  small  but  almost  certain  quantity. 
:n  the  above  tabular  form  this  is  indicated  by  the  gradual 
growth  in  '* receipts  per  head  of  population"  from  1897  to 
.907.  Then  the  sudden  drop  due  to  the  panic  of  1907  is  clearly 
ndicated,  and  also  the  gradual  growth  in  the  last  few  years. 
Sven  jn  England,  where  the  population  has  been  nearly  station" 
iry  for  many  years,  the  growth  though  small  is  unmistakable. 
)n  the  other  hand  the  growth  in  some  of  the  Western  States 
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has  been  very  large.  For  example,  the  gross  ftM^riiT^pi  p 
of  population  in  the  State  of  Iowa  increased  from  $1.42 
to  $10.00  in  1870,  and  to  $19.46  in  1884. 

There  will  seldom  be  any  justification  in  building  to  ao 
date  a  larger  business  than  what  is  "in  sight."  £vi 
could  be  anticipated  with  certainty  that  a  large  ina 
business  would  come  in  ten  years,  there  are  many  reasc 
it  would  be  unwise  to  build  on  a  scale  larger  than  that  i 
for  the  business  to  be  immediately  handled.  £ven  th 
may  cost  more  in  the  future  to  jwovide  the  added  ac( 
dations  (e.g.  larger  terminals,  engine-houses,  etc.),  thi 
expense  will  be  nearly  if  not  quite  offset  by  the  interes 
by  avoiding  the  larger  outlay  for  a  period  of  years  whi< 
often  prove  much  longer  than  was  expected.  A  still  m 
port  ant  reason  is  the  avoidance  of  uselessly  sinking  ni< 
a  time  when  every  cent  may  be  needed  to  insure  the 
of  the  enterprise  as  a  whole. 

474.  Probable  number  of  trains  per  day.  Incneaa 
growth  of  traffic.  The  number  of  passenger  trains  p 
cannot  be  determined  by  dividing  the  total  number  of  paa 
estimated  to  l^e  carried  per  day  by  the  capacity  of  tl 
that  can  be  hauled  by  one  engine.  There  are  nuini 
railroads,  running  three  or  four  passenger  trains  per  dt 
way,  which  do  not  carry  as  many  passengers  all  told 
carried  on  one  heavy  train  of  a  trunk  line.  But  becai 
bulk  of  the  passenger  traffic,  especially  on  such  ligfal 
roads,  is  "  unnecessary'"  traffic  (see  §  471)  and  must  be  cmcc 
and  coaxed,  the  trains  must  be  run  much  more  fiw 
than  mere  capacity  requires.  The  minimum  number  of  ' 
ger  trains  per  day  on  even  the  lightest-traffic  road  she 
two.  These  need  not  necessarily  be  passenger  trains  exdi 
They  may  be  mixed  trains. 

The  nimiber  required  for  freight  sersdce  may  be  ken 
nearly  according  I0  the  actual  tonnage  to  be  moved.  A 
one  local  freight  will  be  required,  and  this  is  apt  to  be  consic 
within  the  capacity  of  the  engine.  Some  veiy  light 
roads  have  little  else  than  local  freight  to  handle^  and  a 
there  is  less  chance  of  economical  management.  Road 
heavy  traffic  can  load  up  each  engine  quite  accurately 
to  its  hauling  capacity  and  the  resulting  economy  is 
tuations  in  traffic  are  readily  allowed  for  by  adding  on 
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ping  off  one  or  more  trains.  Passenger  trains  must  be  run  on 
regular  schedule,  full  or  empty.  Freight  trains  are  run  by 
train-despatch er^s  orders.  A  few  freight  trains  per  day  may  be 
run  on  a  nominal  schedule,  but  all  others  will  be  run  as  extras. 
The  criterion  for  an  increase  in  the  number  of  passenger  trains 
is  impossible  to  define  by  set  rules.  Since  it  should  always 
come  before  it  is  absolutely  demanded  by  the  train  capacity 
being  overtaxed,  it  may  be  said  in  general  terms  that  a  train 
should  be  added  when  it  is  believed  that  the  consequent  in- 
crease in  facilities  will  cause  an  increase  in  traffic  the  value  of 
"which  will  equal  or  exceed  the  added  expense  of  the  extra  train. 

475.  Effect  on  traffic  of  an  increase  in  facilities.  The  term 
facilities  here  includes  everything  which  facilitates  the  transport 
of  articles  from  the  door  of  the  producer  to  the  door  of  the 
consumer.  As  pointed  out  before,  in  many  cases  of  freight 
transport,  the  reduction  of  facilities  below  a  certain  point  will 
mean  the  entire  loss  of  such  traffic  owing  to  local  inability  to 
successfully  compete  with  more  favored  localities.  Sometimes 
owing  to  a  lack  of  facilities  a  railroad  company  feels  compelled 
to  make  some  concession  which  is  a  virtual  reduction  on  what 
would  normally  be  the  freight  rate.  In  competitive  freight 
btisiness  such  a  method  of  procedure  is  a  virtual  necessity  in 
order  to  retain  even  a  respectable  share  of  the  business.  Even 
though  the  railroad  has  no  direct  competitor,  it  must  if  possible 
enable  its  customers  to  meet  their  competitors  on  even  terms. 
In  passenger  business  the  effect  of  facilities  is  perhaps  even 
niore  marked.  The  pleasure  travel  will  be  largely  cut  down 
if  not  destroyed. 

476.  Loss  caused  by  inconvenient  terminals  and  by  stations 
far  removed  from  business  centers.  This  is  but  a  special  case 
of  the  subject  discussed  just  in  the  preceding  paragraph.  The 
competition  once  existing  between  the  West  Shore  and  the 
New  York  Central  was  hopeless  for  the  West  Shore  from  the 
start.  The  possession  of  a  terminal  at  the  Grand  Central 
Station  gave  the  New  York  Central  an  advantage  over  the  West 
Shore,  with  its  inconvenient  terminal  at  Weehawken,  which 
could  not  be  compensated  by  any  obtainable  advantage  by 
the  West  Shore.  This  is  especially  true  of  the  passenger  busi- 
ness. The  through  freight  business  passing  through  or  termi- 
nating at  New  York  is  handled  so  generally  by  means  of  floats 

that  the  disadvaatage  m  Xhk  respect  is  not  so  great.    The 
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enormous    expenditure    (roughly    $10,000,000)    made 
■i  I  ;  Pennsylvania  R.  R.,  on  the  Broad  Street  Station  (and 

proachcs)  in  Philadelphia,  a  large  part  of  which  was  : 
crossing  the  Schuylkill  River  and  running  to  City  Hall 
rather  than  retain  their  terminal  in  West  Philadelphi 
illustration  of  the  policy  of  a  great  road  on  such  a  c 
T^e  fact  that  the  original  plan  and  expenditure  has  b< 
largely  increased  since  the  first  construction  proves  1 
management  has  not  only  approved  the  original  large 
but  saw  the  wisdom  of  making  a  very  large  increase  in 
penditure. 

The  construction  of  great  terminals  is  comparatively  ini 
and  seldom  concerns  the  majority  of  engineers.  But  an  < 
has  frequently  to  consider  the  question  of  the  locati 
way  station  with  reference  to  the  business  center  of  tt 
The  following  points  may  (or  may  not)  have  to  be  coi 
and  the  real  question  consists  in  striking  a  proper 
between  conflicting  considerations. 

(1)  During  the  early  history  of  a  railroad  enterpn 
especially  needful  to  avoid  or  at  least  postpone  all  expe 
which  are  not  demonstrably  justifiable. 

(2)  The  ideal  place  for  a  railroad  stati&n  is  a  local 
mediately  contiguous  to  the  business  center  of  the  tow 
location  of  the  station  even  one  fourth  of  a  mile  from  t 

P  result  in  a  loss  of  business.     Increase  this  distaiice  to  < 

and  the  loss  is  very  serious.     Increase  it  to  five  miles 

;|       *  loss  approaches  100%. 

■•;j   '  (3)  The  cost  of  the  ideal  location  and  the  necessai 

'  of  way  may  be  a  very  large  sum  of  money  for  the  new  en 

On  the  other  hand  the  increase  in  property  values  axu 
general  prosperity  of  the  town,  caused  by  the  railroa 

I  will  so  enhance  the  value  of  a  more  convenient  location 

cost  at  some  future  time  will  generally  be  extravagau 

j  absolutely  prohibitory.     The  original  location  is  therefoi 

ordinary  conditions  a  finality. 

(4)  To  some  extent  the  railroad  will  cause,  a  move 
the  business  center  toward  it,  especially  in  the  est-abl 
of  new  business,  factories,  etc.,  but  the  disadvantages 
to  business  already  established  is  permanent. 

(5)  In  any  attempt  to  compute  the  loss  resultiiig 

'  location  at  a  given  distance  from  the  business  oeater  it : 
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recognized  that  each  problem  Ls  distinct  In  itself  and  that  any 
change  or  growth  in  the  business  of  the  town  changes  the  amount 
of  this  loss. 

The  argument  for  locating  the  station  at  some  distance  from 
the  center  of  the  town  may  be  based  on  (a)  the  cost  of  right 
of  way,  thus  involving  the  question  of  a  large  initial  outlay, 
(b)  the  cost  of  very  expensive  construction  (e.g.  bridges), 
again  invohdng  a  large  initial  outlay,  (c)  the  avoidance  of  ex- 
cessive grade  into  and  out  of  the  town.  It  sometimes  happens 
that  a  railroad  is  following  a  line  which  would  naturally  cause 
it  to  pass  at  a  considerable  elevation  above  (rarely  below) 
the  town.  In  this  case  there  is  to  be  considered  not  only  the 
possible  greater  initi^d  cost,  but  the  even  more  important  increase 
in  operating  cost  due  to  the  introduction  of  a  very  heavy  grade. 
The  loss  of  business  due  to  inconvenient  location  can  only  be 
guessed  at.  Wellington  says  that  at  a  distance  of  one  mile 
the  loss  would  average  25%,  with  upper  and  lower  limits  of 
10  and  40%,  depending  on  the  keenness  of  the  competition 
and  other  modifying  circumstances.  For  each  additional  mile 
reduce  25%  of  the  preceding  value.  While  such  estimates  are 
grossly  approximate,  yet  with  the  aid  of  sound  judgment  they 
are  better  than  nothing  and  may  be  used  to  check  gross  errors. 

477.  General  principles  which  should  govern  the  expenditure 
of  money  for  railroad  purposes.  It  will  be  shown  later  that 
the  elimination  of  grade,  curvature,  and  distance  have  a  positive 
money  value ;  that  the  reduction  of  ruling  grade  Ls  of  far  greater 
value ;  that  the  creation  of  facilities  for  the  handling  of  a  large 
traffic  is  of  the  highest  importance  and  yet  the  added  cost  of 
these  improvements  is  sometimes  a  large  percentage  of  the 
cost  of  some  road  over  which  it  would  be  physically  possible 
to  run  trains  between  the  termini. 

The  subsequent  chapters  will  be  largely  devoted  to  a  discussion 
of  the  value  of  these  details,  but  the  general  principles  governing 
the  expenditiu^  of  money  for  such  purposes  may  be  stated  as 
follows; 

1.  No  money  should  be  spent  (beyond  the  unavoidable 
minimum)  unless  it  may  be  shown  that  the  addition  is  in  itself 
a  profitable  investment.  The  additional  sum  may  not  wreck 
the  enterprise  and  it  may  add  something  to  the  value  of  the 
road,  but  uidesa  it  adds  more  than  the  improvement  costs  it  is 
not  justifiable,    -  '   '•  ^     .         >  -  -  ^  yr^ 
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2.  If  it  may  be  positively  demonstrated  that  aa  improvemeDt 
wdll  be  more  valuable  to  the  road  than  its  coety  it  should  certaiiilj 
be  made  even  if  the  required  capital  Is  obtained  with  difficulty. 
This  is  all  the  more  necessary  if  the  neglect  to  do  so  will  per 
manently  hamper  the  road  wdth  an  operating  disadvantage 
which  will  only  grow  worse  as  the  traffic  increases. 

3.  This  last  principle  has  two  exceptions:  (a)  the  cost  d 
the  improvement  may  wreck  the  whole  enterprise  and  caun 
a  total  loss  to  the  original  investors.  For,  unless  the  origiul 
promoters  can  build  the  road  and  operate  it  until  its  stod^ 
has  a  market  value  and  the  road  is  beyond  immediate  danger 
of  a  receivership,  they  are  apt  to  lose  the  most  if  not  all  cf 

"  their  investment;  (6)  an  improvement  which  is  very  OOB^f 
although  unquestionably  wise  may  often  be  postponed  by  mem 
of  a  cheap  temporary  construction.  Cases  in  point  are  found 
at  many  of  the  changes  of  alinement  of  the  Pennsylvania  R.  &, 
the  N.  Y.,  N.  H.  &  H.  R.  R.,  and  many  others.  Whfle  some  d 
the  cases  indicate  faulty  original  construction,  at  many  of  the 
places  the  original  construction  was  wise,  considering  the  thai 
scanty  traffic,  and  now  the  improvement  is  wise  oonaideriiv 
the  great  traffic. 

478.  Study  of  railroad  economics — its  nature  and  IfanltetkM. 
The  multiplicity  of  the  elements  involved  in  most  probiemi 
in  railroad  construction  preclude  the  possibility  of  a  solutiai 
which  is  demonstrably  perfect.  Barring  out  the  oompaiathralf 
few  cases  in  this  country  where  it  is  difficult  to  obtain  ORf 
practicable  location,  it  may  be  said  that  a  compazatively  loto 
order  of  talent  will  suffice  to  locate  anywhere  a  railroad  ofW 
which  it  is  physically  possible  to  nm  trains.  It  may  be  yfKf 
badly  located  for  obtaining  business,  the  ruling  g^radea  mij 
be  excessive,  the  alinement  may  be  very  bad,  and  the  loti 
may  be  a  hopeless  financial  failure,  and  yet  traina  can  be  raa 
Among  the  infinite  number  of  possible  locations  of  the  na4 
the  engineer  must  determine  the  route  which  will  give  the  M 
railroad  property  for  the  least  expenditure  of  nioney — ttl 
road  whose  earning  capacity  is  so  great  that  after  paying  tti 
operating  expenses  and  interest  on  the  bonds  the  surphu  avt^ 
able  for  dividends  or  improvements  is  a  maximum. 

An  unfortunate  part  of  the  problem  is  that  e^  le  falundai 

are  not  always  readily  apparent  nor  their  magmiu  A  drfa^ 

^ve  dam  or  bridge  will  give  way  and  every  0      realim-Af 
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failure,  but  a  badly  located  railroad  affects  chiefly  the  finances 
of  the  enterprise  by  a  series  of  leaks  which  are  only  perceptible 
and  demonstrable  by  an  expert,  and  even  he  can  only  say  that 
certain  changes  would  probably  have  a  certain  financial  value. 
479.  Outline  of  the  engineer's  duties.  The  engineer  must 
realize  at  the  outset  the  nature  and  value  of  the  conflicting 
interests  which  are  involved  in  variable  amount  in  each  possi- 
ble route. 

(a)  The  maximum  of  business  must  be  obtained,  and  yet  it  may 
happen  that  some  of  the  business  may  only  be  obtained  by  an 
extravagant  expenditure  in  building  the  line  or  by  building  a 
line  very  expensive  to  operate. 

(b)  The  ruling  grades  should  be  kept  low,  and  yet  this  may 
require  a  sacrifice  in  business  obtained  and  also  may  cost  more 
than  it  is  worth. 

(c)  The  alinement  should  be  made  as  favorable  as  possible; 
favorable  alinement  reduces  the  future  operating  expenses, 
but  it  may  require  a  very  large  immediate  outlay. 

(d)  The  total  cost  must  be  kept  within  the  amount  at  which 
the  earnings  will  make  it  a  profitable  investment. 

(e)  The  road  must  be  completed  and  operated  imtil  the 
*' normal"  traffic  is  obtained  and  the  road  is  self-supporting 
without  exhausting  the  capital  obtainable  by  the  projectors ; 
for  no  matter  how  valuable  the  property  may  ultimately  be-' 
come,  the  projectors  will  lose  nearly,  if  not  quite,  all  they  have 
invested  if  they  lose  control  of  the  enterprise  before  it  becomes 
a  paying  investment. 

Each  new  route  suggested  makes  a  new  combination  of  the 
above  conflicting  elements.  The  engineer  must  select  a  route 
by  first  eliminating  all  lines  which  are  manifestly  impracticable 
and  then  gradually  narrowing  the  choice  to  the  best  routes 
whose  advantages  are  so  nearly  equal  that  a  closer  detailed 
comparison  is  necessary. 

The  ruling  grade  and  the  details  of  alinement  have  a  large 
influence  on  the  operating  expenses.  A  large  part  of  this  coimse 
of  instruction  therefore  consists  of  a  study  of  operating  expense^ 
tinder  average  normal  conditions,  and  then  a  study  of  the  effect 
on  operating  expenses  of  given  changes  in  the  alinement^. 


CHAPTER  XX. 

OPERATING  EXPENSES.* 

480.  Distribution  of  gross  revenue.  When  a  raOroad  coat* 
priscfs  but  6Tie  mn^le  property,  owned  and  operated  by  itsrif, 
the  dii^tribution  of  the  gross  revenue  is  a  comparatively  ampk 
mattet.  The  operating  expenses  then  absorb  about  two  thir^ 
of  the  gross  revenue;  the  fixed  charges  (chiefly  the  interest  oa 
the  bonds)  require  about  25  or  30%  more>  leaving  perliafiB  3 
to  8%  (more  or  les8)  available  for  dividends.  The  report  on 
the  Fitchburg  R.  R.  for  1898  shows  the  following: 

Operating  expenses $6,083^1  ({^.  IJ^ 

Fixed  charges 1,667  ,«40  21  .S% 

Available  for  dividenrb,  surplus,  or  per- 
manent improvements 708,250  0>6% 

Total  revenue $7300.^0       100.0% 

But  the  financial  statements  of  a  large  majority  of  the  tailfoid 
corporations  are  by  no  means  so  simple.  The  great  coaaolidi- 
tions  and  reorganizations  of  recent  years  have  been  etfMted 
by  an  exceedingly  complicated  system  of  leases  Bfid  Bub  tbtuo^ 
purchases,  "mergers,"  etc.,  -whose  forms  are  various.  Railittidi 
in  their  corporate  capacity  frequently  own  stocks  a^nd  habk 
of  other  corporations  (railroad  properties  ahd  -Otherwlflft)  H^ 
receive,  as  part  of  their  income,  the  dividends  (ot  bond  iiftorat) 
from  the  investments. 

'  The  Interstate  Commerce  Conunission  ammaDy  ihiA^  g 
report  of  the  income  and  profit-and-loss  account  of  all  thd  lA 
toads  of  the  United  States,  considered  as  one  system.  W 
example,  the  statement  for  the  year  1912  includes  tiie  foOoiriklri 
items.  Operating  revenues  from  rail  opclttticms  S2|842yMflJ|82| 
operating  expenses  due  to  rail  operations  $1,972,415,776  imA 
is  69.4%.     Interest  on  funded  debt  used  up  13.9%  of  the  ttl^ 

*  The  operating  expenses  of  railroads  have  been  utterly  abnorauj  dsfai 
and  since  the  Groat  War.  The  figures  of  this  chapter  are  not  now  (Itfl) 
applicable  to  present  conditions,  but  corresponding  figures,  Feviaed  to 
would  not  be  typical.  The  chapter  therefore  stands  untouohed  nntfl 
figures,  representing  normal  conditions,  arc  available. 
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«Duea,  aad  taxea  4.2%.  There  were  otbei  miBceUaneous  moomes 
and  c^enditures  vhieh  caused  a  net  loss  of  another  2.0% 
of  revenue,  leaving  10.5%  or  $299,361,208  which  were  issued 
as  dividends.  These  dividends  are  about  3.4%  of  the  outstand- 
ing stock.  The  percentage  to  the  amount  of  money  actually 
paid  for  the  stock  is  unknown  and  unknowable. 

481.  Operkting  expenses  per  train-mile.  The  UQifonnity  in 
the  average  operating  expenses  per  train  mile  for  Jight-traRic' 
and  heuvy-traffic  roads  and  for  long  and  short  roads  is  Vfcy 
remarkable.  This  is  illustrated  by  a  comparison  of  figures  for 
ten  heavy  traffic  roads  and  ten  small  roads  selected  at  random, 
except  that  each  had  a  mileage  of  less  than  100  milea, 
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The  fluctuations  of  the  average  cost  per  train-niile  for  aeivf 
years  past  may  be  noted  from  the  following  tabular  farm: 

AVERAGE    COST   PER   TRAU^-MILE    (FOR  WHOLB  XT.  B.)  IN  CBlf 


Year. 

Cents. 

Year. 

Cents. 

Year. 

Cents. 

Year. 

Gem 

1890 
1891 
.    1892 
f    1893 
-   1894 
;    1895 

96.006 
95.707 
96.580 
97.272 
93.478 
91.829 

1896 
1897 
1898 
1899 
1900 
1901 

93.838 
92.918 
95.635 
98.390 
107.288 
112.292 

1902 
1903 
1904 
1905 
1906 
1907 

117.960 
126.604 
131.375 
132.140 
137.060 
146.993 

1908 
1900 
1910 
1911 
1912 

147.1 
143.1 
148.i 
154.2 
IfiO.I 

The  enforced  economies  after  the  panic  of  1803  aze  i 
shown.  The  reduction  generally  took  the  fonn  of  a  Iowa 
of  the  standards  of  maintenance  of  way  and  of  maintenaiioi 
equipment.  The  marked  advance  since  1895  is  partly  due 
the  necessity  for  restoring  the  roads  to  proper  conditions,  n^ 
ishing  worn-out  equipment  and  providing  additional  eqi 
ment  to  handle  the  greatly  increased  volume  of  buaineas.  ' 
recent  advance  is  chiefly  due  to  the  increase  in  wages  and 
generally  increased  cost  of  supplies. 

It  may  be  noted  from  the  I.  C.  C.  reports  that  the  cases  irii 
the  operating  expenses  per  train-mile  and  the  ratio  of  expea 
to  earnings  vary  very  greatly  from  the  average  are  ^l™ 
invariably  those  of  the  very  small  roads  or  of  "junction  road 
where  the  operating  conditions  are  abnormal.  For  example^  c 
little  road,  with  a  total  length  of  13  miles  and  total  afw^ni  opg 
ting  expenses  of  $5342,  spent  but  221c.  per  train-mile^  \<rti]fl]i  p 
cisely  exhausted  its  earnings.  This  precise  equality  of  tummth 
and  expenses  suggests  jugglery  in  the  bookkeeping.  As  anotl 
abnormal  case,  a  road  44  miles  long  spent  $3.81  per 
which  was  nearly  fourteen  times  its  earnings.  In  another 
road  13  miles  long  earned  $7.76  per  train-mile  and  spent  16. 
(78%)  on  operating  expenses,  but  the  fixed  chaiges  were  afan 
mal  and  the  earnings  were  less  than  half  the  sum  of  the  openti 
expenses  and  fixed  charges.  The  normal  case,  even  for  t 
small  road;  is  that  the  cost^per  train-mile  and  the  ratio  of  open 
ing  expenses  to  earnings  will  agree  fairly  well  with  the  av«nM 
and  when  there  is  a  marked  difference  it  is  generally  due 
some  abnormal  conditions  of  expenses  or  of  earning  ***»TmritT! 
482.  Reasons  for  uniformity  in  expenses  p*r  tndit'mi 
The  chief  reason  is  that,  although  on  the  heavy-traffio  ra 
everything  is  kept  up  on  a  finer  scale,  better  roadbocL  heavi 
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rails,  better  rolling  stock,  more  employees,  better  buildings, 
stations,  and  terminals,  etc.,  yet  the  number  of  trains  is  so  much 
greater  that  the  divisor  is  just  enough  larger  to  make  the  average 
cost  about  constant.  This  is  but  a  general  statement  of  a  fact 
which  will  be  discussed  in  detail  under  the  different  items  of 
expense. 

483.  Detailed  classification  of  expenses  with  ratios  to  the 
total  expense.  The  Interstate  Commerce  Commission  now 
publishes  each  year  a  classification  with  detailed  summation 
for  the  cost  of  each  item.  These  summations  are  made  up 
from  reports  furnished  by  railroads  which  have  (in  the  reports 
recently  made)  represented  over  99%  of  the  total  traifio  han- 
dled. In  the  annexed  tabular  form  (Table.XLI)  are  shown  the 
percentages  which  each  item  bears  to  the  total.  The  railroads 
have  been  divided  into  two  classes,  "large"  and  "small,"  as 
indicated  below.  Large  roads  report  on  116  items  which  are 
combined  and  condensed  with  44  items  for  small  roads. 

"Large  roads"  are  those  with  mileage  greater  than  250  miles, 
or  those  with  operating  revenues  greater  than  $1,000,000. 
Roads  subsidiary  to  "large  roads"  are  also  included  in  this 
class. 

"Small  roads"  are  those  with  mileage  less  than  250  miles 
and  also  with  operating  revenues  less  than  $1,000,000. 

484.  Amounts  and  percentages  of  the  various  items.  The 
I.  C.  C.  report  for  the  year  ending  June  30,  1909,  was  the  first 
to  include  the  distribution  of  expenses  according  to  the  present 
classification.  The  items  as  given  are  reUable  and  may  be  utilized, 
as  far  as  any  such  computations  are  to  be  depended  on,  in 
estimating  future  expenses.  The  chief  purpose  of  this  dis- 
cussion is  to  point  out  those  elements  of  the  cost  of  operaiting 
trains  which  may  be  affected  by  such  changes  of  location  as  an 
engineer  is  able  to  make.  There  are  some  items  of  expense  with 
which  the  engineer  has  not  the  slightest  concern,  nor  will  they 
be  altered  by  any  change  in  alinement  or  constructive  detail 
which  he  may  make.  In  the  following  discussion  such  items 
will  be  passed  over  with  a  brief  discussion  of  the  sub-items 
included. 

MAINTENANCE  OP  WAY  AND  STRUCTURES. 

485.  Items  2  to  5.  Track  material.  The  relative  cost  of 
ballast,  ties,  rails  and  other  track  material,  as  shown  by  com- 
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TABLE  XLI. — ANALYSIS  OF  OPERATINCr  EXPBNSS0  OV  AU«  ''IiABOB"* 
RAILROADS  IN  THE  UNITED  STATES  FOB  TEAR  ENDING  JUNE  90^ 
1912,  SHOWING  PERCENTAGE  OF  EACH  ITEM  TO  TOTAL  AND  0061 

IN  CENTS  PER  TRAIN-MILE. 


Item. 
No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10-12 

13-15 

16,17 

18 

19 
20,21 

22,23 


Account. 


24 

25-30 
31-33 
34-36 
37-39 
40^2 
43-45 
46 

47 

48 

49,50 

51,52 


63-60 


Maintenance  of  Way  and  Structttree 

Superintendence 

Ballast 

Ties 

Rails 

Other  track  material 

Roadway  and  track 

Removal  of  snow,  sand,  and  ice .  . . 

Tunnels 

Bridges,  trestles,  and  culverts 

Crossings,  all;  fences;  snow  struc- 
tures  

Signals,  telegraph,  electrical  power 
transmission 

Buildings,  grounds,  docks,  wharves 

Roadway  tools  and  supplies 

Injuries  to  persons 

Stationery,  printing  and  other  ex 


penscs 

Joint  tracks,  etc.  (net  balance) . . 


Maintenance  of  Equipment. 

Superintendence 

Repairs,  renewals  and  depreciation: 
Locomotives,  steam  and  electric. 

Cars,  passenger 

Cars,  freight 

Equipment,  eleotrical,  car 

Equipment,  floating 

Equipment,  work 

Equipment,  shop  (machinery  and 

tools) 

Equipment,  power  plant 

Injuries  to  ptir8<m8 

Stationery,  printing  and  other  ex- 
penses  

Joint  equipment,  at  terminals  (net 
balance) 


Traffic  Expenses. 
Agencies;    advertising;    fast  freight 
lines;   etc 


Total 

Amount 

(thousands) 


$18,789 

7,157 

55,463 

16,438 

17,346 

129,397 

6,920 

1,141 

27.712 

8,066 

13,681 

35.389 

4,480 

1,989 

1,038 
3,463 


$348,471 


$13,175 

175.889 

38,968 

183.968 

318 

1,338 

6.128 

10.418 

268 

1,818 

4,036 

676 


$436,995 


$59,047 


Per  cent 

of  total 

Expenses 


0.090 

0.877 

2.921 

.866 

.914 

6.815 

.364 

.060 

1.460 

.425 

.720 

1.864 

.286 

.106 

.064 
.182 


Cents  per 
Train- 


18.363 


.604 

0.263 

2.063 

0.600 

.017 

.071 

.323 

.648 
.014 
.006 

.318 

.036 


23.016 


8.110 


1.68 

.60 

4.65 

1.38 

1.46 

10.84 

.68 

.10 

2.88 


1.14 
2.06 


tl7 
.08 


30.90 


1.10 

14.74 

3.36 

16.41 


.11 
.61 

.87 
.09 
.16 


.06 


86.61 


4.f6- 


*  The  "  large  "  roads  here  reported  represent  88%  of  the  total 
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paring  either  the  gross  amounts  or  the  percentages  in  Table  XU^ 
is  suggestive  and  instructive.    The  fact  that  ties  OQBt 
siderably  more  than  all  other  track  material 
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TABLE  XLi.   (Continued). — analysis   op   operatino  expenses 

OF  ALL  "  LARGE  "  RAILROADS  IN  THE  UNITED  STATES  FOR 
TEAR  ENDING  JUNE  30,  1912,  SHOWING  PERCENTAGE  OF 
EACH  ITEM  TO  TOTAL  AND  COST  IN  CENTS  PER  TRAIN-MILE. 


Item 
No. 


61.62 

63 

64-66 

67-70 
71-76 


77,78 
104,  105 

79,  80 
81 

82 

83 

84,85 

86,87 

88 

89 

90-92 

93 
94-98 

99-103 


106-116 


Account. 


Transportation  Expenses. 

Superintendence  and  train  dis- 
patching  

Station  employees. 

Weighing;  car  service  associa- 
tion ;  coal  and  ore  docks 

Yards  (wages,  expenses,  sup- 
plies)   

Yard  locomotives  (enginemen, 
fuel,  water,  lubricants,  sup- 
plies)  

Operating  joint  tracks,  ter- 
minals, yards,  and  facilities 
(net  balance) 

Motor  men  and  road  enginemen. 

Road  locomotives,  engine-house 
expenses 

Road  locomotives,  fuel 

Road  locomotives,  water 

Road  locomotives,  lubricants 
and  other  supplies 

Operating  power  plants,  pur- 
chased power 

Road  trainmen 

Train  supplies  and  expenses .  .  . 

Interlockers,  signals,  flagmen, 
draw-bridges 

Clearing  wrecks 

Telegraph,  floating  equipment, 
stationerv,  miscellaneous... .  . 

Loss  and  damage  to  property, 
personal  injuries 


General  Expenses. 
Salaries     of     general     officers, 
clerks,  etc.;    law,  insurance, 
pensions,  miscellaneous 


Total  operating  expenses. 


Total 

Amount 

(thousands), 


$40,743 
133.877 

15,949 

76,069 

74,370 

10,430 
120,966 

33,951 

194,142 

12,482 

7,430 

1,797 

128,339 

34,462 

17,831 
5,167 

20,009 

56,838 


$984,852 


69,297 


$1,898,662 


Per  cent 

of  total 

expenses. 


2.146 
7.051 

.839 

4.007 

3.917 


.550 
6.371 

1.788 

10.225 

.657 

.392 

.095 
6.759 
1.815 

.939 
.272 

1.054 

2.994 


51.871 


3.650 


100.000 


Cents  per 
train- 
mile. 


3.41 
11.22 

1.33 

6.37 

6.23 


.88 
10.14 

2.84 

16.27 

1.04 

.62 

.15 

10.75 
2.89 

1.49 
.43 

1.68 

4.76 


82.51 


5.81 


159.08 


the  importance  of  any  possible  saving  in  tie  renewals.  It  is 
also  significant  that  the  relative  importance  of  ties  has  increased 
in  the  last  few  years,  and  that  the  relative  increase  has  not  been 
due  to  a  reduction  in  the  cost  of  other  track  material.  Appaiv 
ently  the  lengthening  of  the  average  life  of  ties,  due  to  pre- 
servative processes,  the  use  of  tie-plates,  and  greater  care  to 
avoid  the  premature  withdrawal  from  the  track  of  ties  which 
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are  still  serviceable,  has  not  kept  pace  with  the  increaae  in  tk 
average  cost  per  tie.  The  cost  of  rails  has  advanced  beooK 
of  (a)  the  very  general  adoption  of  heavier  rails;  (b)  the  atamit 
universal  substitution  of  more  expensive  open-hearth  sted  ki 
Bessemer,  on  account  of  greater  reliability  and  durabilityi  ni 
(c)  the  increase  in  cost  of  all  steel  products. 

486.  Item  6.  Roadway  and  track.  This  item  is  three-ei^iAi 
of  the  total  cost  of  maintenance  of  way  and  structunB.  S 
consists  chiefly  of  the  wages  of  trackmen.  There  has  ben  1 
almost  steady  increase  in  the  daily  wages  of  section  forena 
and  other  trackmen  since  1900,  as  shown  below: 


1900 

1901 

1902 

1903 

1004 

1005 

IMI 

Section  foremen 

Other  trackmen 

No.  of  trackmen   per 
100  miles 

1.68 
1.22 

118 

1.71 
1.23 

122 

1.72 
1.25 

140 

1.78 
1.31 

147 

1.78 
1.83 

186 

1.70 
1.83 

148 

1.9 
l.M 

US 

1907 

1908 

1909 

1910 

1911 

lOU 

Section  foremen 

Other  trackmen 

No.    of    trackmen    per 
100  miles 

1.90 
1.46 

162 

1.95 
1.45 

130 

1.96 
1.38 

136 

1.99 
1.47 

IN 

.3.07 
1.00 

1A7 

S.OI 
1.80 

in 

1 

The  average  number  of  section  foremen  per  100  miles  of  Em 
has  remained  almost  constant  at  18.  Although  there  have  bav 
fluctuations  in  the  number  of  "  other  trackmen  "  requized  pv 
100  miles  of  line,  there  has  been  in  general  a  very  suhetantU 
increase.  These  two  causes  combined  (increased  number  nd 
increased  wages)  have  had  a  great  influence  in  produciiig  tbi 
regular  and  steady  increase  in  the  average  cost  of  a  traiiHiuh 
as  shown  in  §  481. 

487.  Items  8  to  15.  Maintenance  of  track  Btmctnrea.  if  ft 
matter  of  economics,  the  locating  engineer  has  Utile  or  no  conen 
with  the  cost  of  maintaining  track  structures.  If  he  u 
paring  two  proposed  routes  it  would  be  seldom  that  they 
be  so  different  that  he  would  be  justified  in  attempting  to 
a  train-mile  difference  in  cost  of  operation,  based  on 
in  these  items.  Of  course,  one  proposed  line  might  call  for  SM 
or  more  tunnels  which  the  alternate  line  D  b  uot  have^  «ri 
the  annual  cost  of  maintaining  the  tunnels  would  inerean  tti 
cost  of  operation.    Such  a  case  would  justify  q;>^  il 


§488.  OPERATING  EXPENSES.  543 

•yg  tion.    So  far  as  the  maintenance  of  small  bridges  and  culverts 

«  are  concerned  it  would  usually  be  sufficiently  accurate  to  consider 

i  that  a  proposed  change  of  line,  involving  perhaps  several  miles 

i  of  road,  would  require  substantially  the  same  number  of  bridges 

■J2  and  culverts,  and  therefore  that  the  cost  of  maintaining  them 
would  be  the  same  by  either  line.     The  error  involved  in  such 

-.  an  assumption  would  usually  be  insignificant,  unless  there  was 

:^  a  very  large  and  material  difference  in  the  two  hues  in  this 

.J  respect.     Under  such  conditions  special  computations  should  be 

.  made.     The  items  total  less  than  3%  for  small  roads  and  stiU 

•  less  for  large  roads. 

MAINTENANCE   OF  EQUIPMENT. 

488.  Items  25  to  27.  Repairs,  renewals  and  depreciation  of 
steam  and  electric  locomotives.  The  item  is  of  interest  to  the 
locating  engineer  because  he  must  appreciate  the  effect  on 
locomotive  repairs  and  renewals  of  an  addition  to  distance. 
A  large  part  of  the  repairs  of  locomotives  are  due  to  the  wear 
of  wheels,  which  is  largely  caused  by  curvature.  Therefore  the 
value  of  any  reduction  of  curvature  is  a  matter  of  importance, 
and  this  will  be  considered  in  Chapter  XXII.  A  considerable 
portion  of  the  deterioration  of  a  locomotive  is  due  to  grade,  and 
the  economic  advantages  of  reductions  of  grade  will  be  con- 
sidered in  Chapter  XXIII. 

This  item  includes  the  expenses  of  work  whose  effect  is  sup- 
posed to  last  for  an  indefinite  period.  It  does  not  include  the 
expense  of  cleaning  out  boilers,  packing  cylinders,  etc.,  which 
occurs  regularly  and  which  is  charged  to  items  72  or  81.  It 
does  include  all  current  repairs,  general  overhauling,  and  even 
the  replacement  of  old  and  worn-out  locomotives  by  new  ones 
to  the  extent  of  keeping  up  the  original  standard  and  number. 
Of  course  additions  beyond  this  should  be  considered  as  so 
much  increase  in  the  original  capital  investment.  As  a  loco- 
motive becomes  older  the  annual  repair  charge  becomes  a  larger 
percentage  on  the  first  cost,  and  it  may  become  as  much  as  one- 
fourth  and  even  one-third  of  the  first  cost.  When  a  locomotive 
is  in  this  condition  it  is  usually  consigned  to  the  scrap-pile;  the 
annual  cost  for  maintenance  becomes  too  large  an  item  for  its 
annual  mileage.  The  effect  on  expenses  of  increasing  the  weight  of 
engines  is  too  complicated  a  problem  to  be  solved  accurately,  but 
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certain  elements  of  it  may  be  readily  computed.  While  the  ooit 
of  repairs  is  greater  for  the  heavier  engines,  the  increaae  iaanly 
al>out  one-half  as  fast  as  the  increase  in  weight — Bome  of  thD 
subitems  not  being  increased  at  alL 


TRANSPORTATION. 

489.  Items  71  to  76.  Yard-engine  expenses.  By  ooni- 
paring  these  items  with  the  corresponding  items  (80  to  85)  for 
road  engines,  it  may  be  seen  that  the  total  expenses  assignable  to 
yard  engines  are  about  20%  of  those  of  road  engines;  the  relatim  ' 
fuel  charge  for  1912  was  15.6%.  The  number  of  switching 
locomotives  in  the  United  States  in  1912  wa9  9529  or  15.3%  d 
the  total  number,  62,262.  The  relative  charge  for  wages  of  engiDB- 
men  was  26.2%.  This  higher  proportionate  charge  is  pnhatis 
due  to  the  fact  that  the  wages  for  yard  enginemen  must  neeef- 
sarily  be  on  a  per  diem  basis,  but  the  wages  of  road  enginemai 
are  generally  on  a  mileage  basis,  as  explained  later.  On  the 
other  hand  the  mileage  of  a  yard  engine  is  usually  comparatmtf 
low,  and  the  coal  consumed  wiU  be  correspondingly,  althou^ 
not  proportionately,  low.  It  must  also  be  remembered  tliit 
these  figures  are  exclusive  of  the  work  and  equipment  of  switchisg 
and  terminal  companies. 

490.  Item  80.  Road  enginemen.  This  item  teguires  6%  d 
the  total  operating  expenses.  The  enginemen  are  usually  psii 
on  a  mileage  basis,  or  by  the  trip,  except  on  very  small  railrosdi 
On  very  short  roads,  where  a  train  crew  may  make  two,  tfam^ 
or  even  four  complete  round  trips  per  day,  they  may  readily  be 
paid  by  the  day,  so  many  round  trips  being  considered  as  • 
day's  work,  but  on  roads  of  great  length,  where  all  trainSi  and 
especially  freight-trains,  are  run  day  and  night,  weekday  sad 
Sunday,  all  trainmen  are  necessarily  paid  by  the  trip.  Tlie  pfj 
for  a  trip  is  figured  on  a  mileage  basis  except  that  a  trip  is  WKuiBj 
considered  to  have  a  minimum  length  of  100  miles  or  10  houn  d 
time.  Eight  hours  was  fixed  as  standard  by  the  "  Adamson " 
law,  in  1916.  All  extra  time  is  called  **  overtime ''  and  ia  paid 
for  at  an  extra  rate.  The  basis  of  train  wa^es  is  too  ooinplloaled 
for  any  brief  discussion.  Even  the  basis  is  constantly  ftlMm|pm^ 
the  only  uniform  feature  being  a  steady  increase. 

The  increase  in  the  average  wages  paid  to  pTMjWfyfm  tad 
firemen  since  1900  is  plainly  shown  by  the  following   igurci:'  ' 
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INCREASE  IN  DAILY  WAGES,  FROM  1900  TO  19J2. 


Enginemen 
Firemen. .  . 

Enginemen 
l^^iremen. .  . 


1900 

1901 

1902 

1903 

1904 

1905 

3.75 
2.14 

3.*  8 
2.16 

$ 

3.84 
2.30 

4.01 
2.28 

$ 
4.10 
2.35 

2.38 

1906 

$ 

4.12 
2.42 


1907 

1908 

1909 

1910 

1911 

$ 

4.30 
2.54 

S 

4.45 
2.64 

$ 
4.44 
2.67 

S 

4.55 
2.74 

4.79 
2.94 

1912 

S 

5.Q0 
3.02 


491.  Item  83.    Ftti^l  for  ro^d  locomotives.    This  item  ifif- 
cludetf  every  subitem  of  the  entire  cost  of  the  fuej  until  it  ii^ 
placed  in  the  engine-tender.     The  cost  therefore  includes  not  only 
the  first  cost  at  the  point  (rf  dehyery  to  the  ro^d,  but  also  t\^ 
expense  of  hauling  it  over  the  road  from  the  point  of  delivery 
to  the  various  coaUng-stations  and  the  cost  of  operatiQg  the 
coal-pockets  from  which  it  is  loaded  on  to  the  tenders.     Even 
though  the  cost  may  be  fairly  regular  for  any  one  road,  the  cost 
for  different  roads  is  exceedingly  variable.     There  has  been  an 
almost  steady  increase  in  the  percentage  of  the  cost  of  this  item 
per  train-mile  since  1897.     Items  73  and  82  amounted  to  nearly 
12%  of  the  total  operating  expenses  in  1912,  and  required  an 
actual  expenditure  of  nearly  $225,000,000.     It  is  the  largest 
item  in  the  whole  cost  of  railroad  operation.    Although  some 
roads,  which  traverse  coal-regions  and  perhaps  actually  own  the 
coal-mines,  are  able  to  obtain  their  cofil  for  a  cost  which  may  b^ 
charged  up  as  $1  per  ton  or  less,  there  are  many  roads  whioji 
are  far  removed  from  coal-fields  which  have  to  pay  $3  or  $4 
per  ton,  on  account  of  the  excessive  distance  over  which  the  coof. 
must  be  hauled.     Unfortunately  the  figures  published  by  the 
Interstate  Commerce  Commission  do  not  show  the  vari^.tio^s 
in  the  percentage  of  this  item  in  different  localities.    A  sui*- 
prisingly  large  percentage  of  the  fuel  consiimed  is  npt  utiUzed  i]i 
drawing  a  train  along  the  road.     A  portion  of  this  perce^tage  j^ 
used  in  firing-^up.    A  portion  is  wasted  when  the  engine  is  staQ4~ 
ing  still,  which  is  a  considerable  proportion  of  the  whole  tiipe. 
The  pohcy  of  banking  fires  instead  of  drawing  them  redvioes  the 
injury  resulting  from  great  fluctuations  in  temperature,  but  \n  a 
general  way  we  may  say  that  there  is  but  tittle,  if  any,  Sftying  in 
fuel  by  banking  the  fires,  and  therefore  we  may  oon^ider  th^t 
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almost  a  fire-box  full  of  coal  is  wasted  whether  the  fires  an 
banked  or  drawn.    As  given  in  §  464,  the  fuel  used  by  a  loeo- 
motive  in  firing-up  may  be  estimated  as  510  lbs.  per  1000  squan 
feet  of  heating  surface,  based  on  using  12000  B.t.u.  ooal.    But 
even  the  amoimt  of  coal  required  to  produce  the  required  steam- 
pressure  in  the  boiler  from  cold  water  does  not  represent  tis 
total  loss.     The  train-dispatcher,  in  his  anxiety .  that  gngiw  I 
shall  be  ready  when  needed,  will  sometimes  order  out  the  looo- 
motives  which  remain  somewhere  in  the  yard,  perhaps  ezposad 
to  cold  weather,  and  blow  o£f  steam  for  several  hours  before  thef 
make  an  actual  start.     This  loss  has  been  estimated  as  120  Dml 
per  hour  per  1000  square  feet  of  heating  surface,  but  it  vonU 
evidently  be  far  greater  on  a  windy  winter  day  than  on  a  cabi 
sunmier  day.     A  freight-train,  especially  on  a  single-traek  raad, 
will  usually  spend  several  hours  during  the  day  on  sidings,  and 
when  a  single-track  road  is  being  run  to  the  limit  of  its  capaoitji 
or  when  the  management  is  not  good,  the  time  will  be  still  greitv. 
It  is  estimated  that  the  amount  lost  throu^  a  2iHnch  safety- 
valve  in  one  minute  would  represent  the  oonsillhptikm  of  U 
pounds  of  coal,  which  would  be  sufficient  to  haul -100  tons  ooa 
mile  of  track  with  easy  grades.    Again  we  see-that  the  nnwiMt 
thus  lost  is  exceedingly  variable  and  almost  "non-oomputabk 
although  as  a  rough  estimate  the  amoimt  -has  been  phwad 
at  from  3  to  6%  of  the  total.    Another  very  large  sufaitaa 
of  loss  of  useful  energy  is  that  occasionied  by  stopping  aad 
starting.    A  train  running  30  miles  per  hour  has  enough  kfaatie 
energy  to  move  it  on  a  straight  level  track  for  mnre  than  tst 
miles.    Therefore,  every  time  a  train  running  at:to  mil^  yg 
hour  is  stopped,  enough  energy  is  consumed  by  die  braksa  to 
run  it  about  two  miles.    There  is  a  double  loss^  3iot  only  dv 
to  the  fact  of  the  loss  of  energy,  but  also  because,  the  pomr  rf 
the  locomotive  has  been   consumed  in  operating  the  fante 
When  the  train  is  again  started,  this  kinetic  energy  miHk  kl 
restored  to  the  train  in  addition  to  the  ordinary  resistaneea  lAM 
are  even  greater,  on  account  of  the  greater  resistance  at  fOff 
low  velocities.    Of  course,  the  proportion  of  fud   thus  SO^ 
Bumed  depends  on  the  frequency  of  the  stops.    It  was  dvHi* 
strated  by  some  tests  on  the  Manhattan  Elevated  Road  in  Niv 
York  City,  where  the  stops  average  one  in  every 
of  a  mile,  that  this  cause  alone  would  account  for  the 
tion  of  nearly  three-fourths  of  the  fuel.    On  ordinary  zail|Opii 
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the  proportion,  of  course,  will  not  be  nearly  bo  great,  but  there 
is  reason  to  believe  that  10  to  20%  is  not  excessive  as  an 
average  figure. 

492.  Item  88.  Road  trainmen.  This  item  includes  the  wages 
of  conductors  and  ''  other  trainmen."  As  in  the  case  of  all 
other  employees,  the  average  daily  wages  have  advanced  since 
1900  as  shown  below: 


AVERAGE   DAILY  WAGES  OP  CONDUCTORS  AND  OTHER  TRAINMEN, 

1900  TO  1912. 


1900 

1901 

1902 

1903 

1904 

1905 

1906 

Conductors 

Other  trainmen 

S 
3.17 
1.96 

S 
3.17 
2.00 

S 

3.21 
2.04 

S 
3.38 
2.17 

S 
3.50 
2.27 

S 

3.50 
2.31 

S 
3.51 
2.35 

1907 

1908 

1909 

1910 

1911 

1912 

Conductors 

S 

3.69 
2.54 

S 

3.81 
2.60 

$ 

3.81 
2.59 

S 
3.91 
2.69 

$ 
4.16 
2.88 

S 
4.29 

Other  trainmen 

2.96 

These  figures  are  of  vital  importance  from  an  economic  stand- 
point, since  they  show  a  constant  tendency  to  increase  and  thereby 
raise  the  average  cost  of  a  train-mile.  And  as  there  is  no  present 
indication  of  any  limit  to  this  increase,  all  economic  calculations 
which  attempt  to  predict  future  expenses,  even  for  a  few  years 
in  advanc3,  mu^t  allow  for  these  and  other  increased  expenses. 

493.  Item  89,  Train  supplies  and  expenses.  These  items, 
which  average  about  1.8%,  include  the  large  hst  of  consumable 
supplies  such  as  lubricating  oil,  illuminating-oil  or  gas,  ice,  fuel 
for  heating,  cleaning  materials,  etc.,  which  are  used  on  the  cars 
and  not  on  the  locomotives.  The  consumption  of  some  of  these 
articles  is  chiefly  a  matter  of  time.  In  other  cases  it  is  a  function 
of  mileage.  The  effect  of  changes  which  an  engineer  may  make 
on  this  item  will  be  considered  when  estimating  the  effect  of  the 
changes. 

494.  Items  93,  99  to  163.  Clearing  wrecks,  loss,  damage  and 
injuries  to  persons  and  property.  These  expenses  are  fortuitous 
and  bear  no  absolute  relation  either  to  the  number  of  miles  of 
road  or  the  number  of  train-miles.  While  they  depend  largely 
on  the  standards  of  discipline  on  the  road,  even  the  best  of  roads 
have  to  pay  some  small  proportion  of  their  earning  to  these 
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items.  While  we  might  expect  that  a  road  with  lieaTy  tnle 
would  have  a  larger  proportion  of  train  acddenta  than  a  lOid  of 
light  traffic,  it  is  usually  true  that  on  the  heavy-traffio  Toada  111 
precautions  taken  are  such  that  they  are  usually  frder  from  mo- 
dents  than  the  Ught-traffic  roads.  During  reoent  yean  thai 
has  been  a  very  perceptible  increase  in  the  peroentaigeB  of  thM 
items,  particularly  in  the  compensations  paid  for  ''injurieifl 
persons/'  The  increase  in  this  item  coincides  with  the  incma 
already  noted  in  the  number  of  passengers  killed  during  teiud 
years.  The  possible  relation  between  curvature  and  accidall 
is  discussed  in  §  507,  but  otherwise  the  locating  inngin^^^  Im 
no  concern  with  these  items. 

495.  Items  X04,  105.  Operating  joint  tracks  and  iacillll^ 
Dr.  and  Cr.  A  large  part  of  these  debit  and  credit  chiqjH 
are  those  for  car  per  diem  and  mileage  charges.  This  is  a  diai|l 
paid  by  one  road  to  another  for  the  use  of  cars,  which  are  clud|7 ' 
freight-cars.  To  save  the  rehandling  of  freight  at  junetiflB^ 
the  policy  of  running  freight-cars  from  one  road  to  anottiflr.ii. 
very  extensively  adopted.  Since  the  foreign  road  reoeivea  ill 
mileage  proportion  of  the  freight  charge,  it  justly  pays  to  theroai 
owning  the  car  at  a  rate  which  is  supposed  to  represent  ihi 
value  of  the  use  of  the  freight-car  for  the  numb^  of  mU 
traveled.  The  foreign  road  then  loads  up  the  freight-car  iritt 
freight  consigned  to  some  point  on  the  home  road  and  sendi'l' 
back,  paying  mileage  for  the  distance  traveled  on  the  farlibl[^ 
road,  a  proportional  freight  charge  having  been  reo^ved  for  tW ' 
service.  All  of  these  movements  of  freighi-oars  are  lepoitai' 
to  a  car  association,  which,  by  a  clearing-houte 
settles  the  debit  and  credit  accounts  of  the  variouB  rOads 
each  other.  Such  is  the  simple  theory.  In  praotiee  the  oanf  Itfi 
not  sent  back  to  the  home  road  at  once,  but  wander  off  huumiH 
to  the  local  demand.  As  long  as  a  strict  account  is  kept  of  iM' 
movements  of  every  car,  and  as  long  as  the  home  road  is  pail 
the  charge  which  really  covers  the  value  of  lost  aerrioe,  ao 
is  done  to  the  home  road,  except  that  sometimes,  when 
has  suddenly  increased,  the  home  road  cannot  get  wia^^igif 
to  handle  its  own  business.  The  value  of  the  car  is  then 
mally  above  its  ordinary  value,  and  the  home  road  niflsii  1i| 
lack  of  the  rolling  stock-  which  belongs  to  it.  1  ntaetfy  mM 
charges  were  paid  strictly  according  to  the  milease;  lUl 
developed  the  intolerable  condition  that  loaded  eira 
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nin  onto  a  siding  and  left  there  for  several  days,  simply  because 
^t  was  not  convenient  to  the  consignee  to  unload  the  car  imme- 
diately. On  the  mileage  basis  the  car  would  be  earning  nothing, 
imd,  since  the  road  on  which  the  car  then  was  had  no  particular 
interest  in  the  car,  the  car  was  allowed  to  stand  to  suit  the  con- 
irenience  of  the  consignee.  To  correct  this  evil  a  system  of  per 
iiem  charges  has  been  developed,  so  that  a  railroad  has  to  pay  a 
per  diem  charge  for  every  foreign  car  on  its  lines.  To  reduce  this 
charge  as  much  aa  possible  the  railroads  compel  consignees, 
inder  penalty  of  heavy  demurrage  charges,  to  unload  cars 
promptly.  The  running  of  freight-cars  on  foreign  lines  is  now 
settled  almost  exclusively  on  the  per  diem  basis,  but  the  running 
of  passenger-cars  over  other  lines,  as  is  done  on  account  of  the 
Bwlvantages  of  through-car  service,  as  well  as  the  running  of 
Pullmans  and  other  special  cars,  is  still  paid  for  on  the  mileage 
basis.  To  the  extent  to  which  this  charge  is  settled  on  the  mile- 
age basis,  any  change  in  distance  which  the  engineer  may  be  able 
to  effect  in  the  length  of  the  road  will  have  its  influence  on  this 
item,  but  when  the  freight-car  business,  which  comprises  by  far 
the  larger  part  of  the  running  of  cars  over  foreign  lines,  is  settled 
on  the  per  diem  basis  no  changes  in  alinement  which  the  engineer 
may  make  will  affect  the  item  appreciably. 

Switching  Charges.  Where  two  or  more  railroads  intersect 
there  will  be  a  considerable  amount  of  shifting  of  cars,  chiefly 
freight-cars,  from  one  road  to  the  other.  This  shifting  at  any 
one  junction  may  be  done  entirely  by  the  engines  of  one  road 
or  perhaps  by  those  of  both  roads.  A  portion  of  the  expense 
of  this  work  is  charged  up  against  the  other  road  by  the  roa4 
which  does  the  work.  The  total  amount  of  this  work  is  care- 
fully accounted  for  by  a  clearing-house  arrangement,  and  the 
balance  is  charged  up  against  the  road  which  has  done  the  least 
work.  The  item  is  very  small,  is  fairly  uniform  year  by  year, 
and  is  seldom,  if  ever,  affected  by  changes  of  alinement. 

Other  Items.  All  of  the  remaining  items,  as  stated  in  Table 
XLI,  are  of  no  concern  to  the  locating  engineer.  They  a^re  either 
general  expenses,  such  as  the  salaries  of  general  officers,  insurance 
or  law  expenses,  or  are  special  items,  such  as  advertising  or  the 
operation  of  marine  equipment  which  will  not  be  changed  by 
any  variations  in  distance,  curvature,  or  grades  which  a  locating 
engineer  may  make.  There  is  therefore  no  need  for  their  further 
discussion  here. 
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CHAPTER  XXL 

DISTANCE. 

.  496.  Relation  of  distance   to  rates  and   ezpenaet.    Bi 

are  usually  based  on  distance  traveledy  on  the  Kppn 
hypotheses  that  each  additional  mile  of  distance  adds  its  ] 
portional  amount  not  only  to  the  service  rendered  but  ab( 
the  expense  of  rendering  it.  Neither  hypothesis  ia  true.  ' 
value  of  the  service  of  transporting  a  passenger  or  a  to 
freight  from  A  to  B  is  a  more  or  less  imcertain  gross  amfl 
depending  on  the  necessities  of  the  case  and  independenl 
the  exact  distance.  £]xcept  for  that  very  small  part  of  pM 
ger  traffic  which  is  undertaken  for  the  mere  pleasure  of  timvcl 
the  general  object  to  be  attained  in  either  passenger  or  fre 
traffic  is  the  transportation  from  A  to  B,  however  it  is  attM 
A  mile  greater  distance  does  not  improve  the  service  rende 
in  fact,  it  consumes  valuable  time  of  the  passengers  and  peri 
deteriorates  the  freight.  From  the  standpoint  of  service : 
dered.  the  railroad  which  adopts  a  more  costly  construction 
thereby  saves  a  mile  or  more  in  the  route  between  two  pli 
is  thereby  fairly  entitled  to  additional  compensation  la 
than  have  it  cut  down  as  it  would  be  by  a  strict  mileage  i 
The  actual  value  of  the  service  rendered  may  therefore  ^ 
from  an  insignificant  amount  which  is  less  than  any  reason 
charge  (which  therefore  discourages  such  traffic)  and  its  v 
in  cases  of  necessity — a  value  which  can  hardly  be  measan 
money.  If  the  passenger  charge  between  New  York  A^nd  H 
delphia  were  raised  to  $5,  $10,  or  even  $20,  there  would  slal 
some  passengers  who  would  pay  it  and  go,  because  'te  i 
it  would  be  worth  $5,  $10,  or  $20,  or  even  more.  TUeM 
when  they  pay  $2.25  they  are  not  paying  what  the  srink 
worth  to  them.  The  service  rendered  cannot  therefSoni 
made  a  measure  of  the  charge,  nor  is  the  service)  rendered  ] 
portional  to  the  miles  of  distance. 
The  idea  that  the  cost  of  transportation  ia  prqportiaiBii 
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^be  distance  is  much  more  prevalent  and  is  in  some  respects 
jaore  juBtifiable,  but  it  is  still  far  from  true.  This  is  especially 
t^rtte  of  passenger  service.  The  extra  cost  of  transporting  a  single 
passenger  is  but  little  more  than  the  cost  of  printing  his  ticket. 
Once  aboard  the  train,  it  makes  but  little  difference  to  the. rail- 
road whether  he  travels  one  mile  or  a  hundred.  Of  course  there 
are  certain  very  large  expenses  due  to  the  passenger  traffic 
-which  must  be  paid  for  by  a  tariff  which  is  rightfully  demanc^d, 
1>ut  such  expenses  have  but  little  relation  to  the  cost  of  an 

■additional  mile  or  so  of  distance  inserted  between  stations. 

frhe  same  is  true  to  a  slightly  less  degree  of  the  freight  traffic. 
As  shown  later,  the  items  of  expense  in  the  total  cost  of  a  train>- 

i  mile,  which  are  directly  affected  by  a  small  increase  in  distance, 
are  but  a  small  proportion  of  the  total  cost. 

497.  The  conditions  other  than  distance  that  affect  the  cost; 
t  reasons  why  rates  are  usually  based  on  distance.     Curvature 
:  and  minor  grades  have  a  considerable  influence  on  the  cost  of 
t  transportation,  as  will  be  shown  in  detail   in  succeeding  chap- 
ters, but  they  are  never  considered  in  making  rates.     Ruling 
grades  have  a  very  large  influence  on  the  cost,  but  they  are  like- 
wise disregarded  in  making  rates.     An  accurate  measure  of 
the  effect  of   these  elements  is  difficult  and  complicated  and 
would  not  be  appreciated  by  the  general  public.     Mere  dis- 
tance  is  easily  calculated;    the   pubUc.  is   satisfied  with  such 
a  method  of  calculation;  and  the  railroads  therefore  adopt  a 
tariff  which  pays  expenses  and  profits  even  though  the  charges 
are  not  in  accordance  with  the  expenses  or  the  service  rendered 

EFFECT  OP  DISTANCE   ON  RECEIPtS. 

498.  Classification  of  traffic.  There  are  various  methods 
of  classifying  traffic,  according  to  the  use  it  is  intended  to  make 
of  the  classification.  The  method  here  adopted  will  have  ref- 
erence to  its  competitive  or  non-competitive  character  and  also 
to  the  method  of  division  of  the  receipts  on  through  traffic. 
Traffic  may  be  classified  first  as  "  through "  and  "  local  "-^ 
through  traffic  being  that  traveling  over  two  (or  more)  lines, 
no  matter  how  short  or  non-competitive  it  may  be;  "local" 
traffic  is  that  confined  entirely  to  one  road.  A  fivefold  classifica- 
tion is  however  necessary — which  is: 

A.  Non-competitive  local — on  one  road  with  no  choice  of  route* 
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■"■* 

B.  Non-competitive  through — on  two  (or  more)  roadi 
with  no  choice. 

C.  Competitive  local — a  choice  of  two  (or  more)  route 
the  entire  haul  may  be  made  on  the  home  road. 

D.  Competitive   through — direct   competition   betweei 
or  more  routes  each  passing  over  two  or  more  lines. 

E.  Semi-competitive  through — a  non-competitive  haul  i 
home  road  and  a  competitive  haul  on  foreign  roads. 

There  are  other  possible  combinations,  but  they  all  red' 
one  of  the  above  forms  so  far  as  their  essential  effect  is  como 

499.  Method  of  division  of  through  rates  betwM 
roads  run  over.  Through  rates  are  divided  betwei 
roads  run  over  in  proportion  to  the  mileage.  There 
be  terminal  charges  and  possibly  other  more  or  less  ait 
deductions  to  be  taken  from  the  total  amount  receivet 
when  the  final  division  is  made  the  remainder  is  divided  A 
ing  to  the  mileage.  On  account  of  this  method  of  diviaui 
also  because  non-competitive  rates  are  always  faced  aoo 
to  the  distance,  there  results  the  unusual  feature  thM, 
curvature  and  grade,  there  is  a  compensating  advanti 
increased  distance,  which  applies  to  all  the  above  ku 
traffic  except  one  (competitive  local),  and  that  the  oonqiein 
is  sometimes  sufficient  to  make  the  added  distance  an 
source  of  profit.  It  has  been  estimated  that  the  eart  of  h 
a  train  an  additional  mile  is  only  33  to  49%  of  the  Aveirag 
Therefore  in  all  non-competitive  business  (local  or  tb 
where  the  rate  is  according  to  the  distance,  there  is  an 
profit  in  all  such  added  distance.  In  competitive  local 
ness,  in  which  the  rate  is  fixed  by  competition  and  has  prae 
no  relation  to  distance,  any  additional  diptwcie  is  d^Ml  JoD 
competitive  through  business  the  profit  or  loss  dep^i^  4 
distances  involved.  This  may  best  be  demonstrfited  iby 
pies. 

500.  Effect  of  a  change  in  the  lengdi  of  tht  hom«  |« 
its  receipts  from  through  competitive  tnQc«  Sujjifigi 
home  road  is  100  miles  loug  and  the  foreign  ro«^  in  ^gg 

100 

long.    Then  the  home  road  will  receive  — »4Q%  1 

100+150    ^^^ 

through  rate. 

•    Suppose  the  home  road  is  lengthened  5  zuileii   tlMB-i 
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105 

""^c^ive 7-- =41.176%   of  ihe  through  rate.    The  traffic 

105+150 

ideing  competitive,  the  rate  will  be  a  fixed  quantity  regardless 
^f  this  change  of  distance.  By  the  first  plan  the  rate  received 
«3  0.4%  per  mile;  adding  5  miles,  the  rate  for  the  original  100 
miles  may  be  considered  the  same  as  before;  and  that  the  addi- 
tional 5  miles  receive  1.176%,  or  0.235%  per  mile.  This  is  59% 
Df  the  original  rate  per  mile,  and  since  this  is  more  than  the 
cost  per  mile  for  the  additional  distance,  the  added  distance  is 
evidently  in  this  case  a  source  of  distinct  profit.  On  the  other 
hand,  if  the  line  is  shortened  5  miles,  it  may  be  similarly  shown 
tibat  not  only  are  the  receipts  lessened,  but  that  the  saving  in 
operating  expenses  by  the  shorter  distance  is  less  than  the 
reduction  in  receipts. 

A  second  example  will  be  considered  to  illustrate  another 
phase.  Suppose  the  home  road  is  200  miles  long  and  the  foreign 
road  is  50  miles  long.     In  this  case  the  home  road  will  receive 

'  =80%  of  the  through  rate.     Suppose  the  home  road  is 

20U~r  ^v/ 

205 

lengthened   5  miles;  then  it   will  receive  ^  =  80.392% 

of  the  through  rate.  By  the  first  plan  the  rate  received  is 
0.400%  per  mile;  adding  5  mile3,  there  is  a  surplus  of  0.392, 
at  0.0784  per  mile,  which  is  but  19. G%  of  the  original  rate. 
At  this  rate  the  extra  distance  evidently  is  not  profitable,  al- 
though it  is  not  a  dead  loss — there  is  some  compensation. 

501.  The  most  advantageous  conditions  for  roads  forming 
part  of  a  through  competitive  route.  From  the  above  it  may 
be  seen  that  when  a  road  is  but  a  short  link  in  a  long  com- 
p)etitive  through  route,  an  addition  to  its  length  will  increase 
its  receipts  and  increase  them  more  than  the  addition  to  the 
Operating  expenses. 

As  the  proportionate  length  of  the  home  road  increases  the 
less  will  this  advantage  become,  until  at  some  proportion  an 
increase  in  distance  will  just  pay  for  itself.  As  the  proportionate 
length  grows  greater  the  advantage  becomes  a  disadvantage 
until,  when  the  competitive  haul  is  entirely  on  the  home  road, 
any  increase  in  distance  becomes  a  net  loss  without  any  com- 
pensation. It  is  therefore  advantageous  for  a  road  to  be  a 
short  link  in  a  long  competitive  route;  an  increase  in  that  link 
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will  be  financially  advantageous;  if  the  total  lengtli  is  1« 
that  of  the  competing  line,  the  advantage  is  still  g^eai 
then  the  rate  received  per  mile  will  be  greater. 

502.  Effect  of  the  variations  in  the  length  of  haul  t 
classes  of  the  business  actually  done.  The  above  dii 
refer  to  particular  lengths  of  haul  and  are  not  necessari 
total  lengths  of  the  road.  Each  station  on  the  roi 
traffic  relations  "vvith  an  indefinite  number  of  traffic 
all  over  the  country.  The  traffic  between  each  stat 
the  road  and  any  other  station  in  the  country  between 
traffic  may  pass  therefore  furnishes  a  new  combinalic 
effect  of  which  will  be  an  element  in  the  total  effei 
change  of  distance.  In  consequence  of  this,  any  exact  s 
of  such  a  pro])lem  becomes  impracticable,  but  a  suffi 
accurate  solution  for  all  practical  purposes  is  frequeni 
tairiable.  For  it  frequently  happens  that  the  great  bu! 
road's  business  is  non-competitive,  or,  on  the  other  h 
may  be  competitive-through,  and  that  the  proportion 
or  more  definite  kinds  of  traffic  is  so  large  as  to  oven 
the  other  miscellaneous  traffic.  In  such  cases  an  appro 
but  sufficiently  accurate  solution  is  possible. 

503.  General  conclusions  regarding  a  change  in  dl 
/a)  In  /z//' non-competitive  business  (local  and  throng 
added  distance  is  actually  profitable.  Sometimes  pra< 
all  of  the  business  of  the  road  is  non-competitive;  a  ccmaic 
proportion  of  it  is  always  non-competitive. 

(b)  A\'lien  the  competitive  local  business  is  very  large  1 
competitive  through  business  has  a  very  large  aveiBflE 
haul  compared  with  the  foreign  haul,  the  added  disti 
a  source  of  loss.  Such  situations  are  imusual  and  are  ge 
confined  to  trunk  lines. 

(c)  The  above  may  be  still  further  condensed  to  the  | 
conclusion  that  there  is  always  some  compensation  for  the 
cost  of  operating  an  added  length  of  line  and  that  it  free 
is  a  source  of  actual  profit. 

(d)  There  is,  however,  a  limitation  which  should  not 
sight  of.  The  above  argument  may  be  carried  to  the 
conclusion  that,  if  added  distance  is  profitable,  the  a 
should  purposely  lengthen  the  line.  But  added  distance 
added  operating  expenses.  A  sufficient  tariff  to  meet  thi 
tax  on  the  conmiunity — a  tax  which  more  or  leas  diMX 


f  504.  DISTANCE.  555 

-  traffic.     It  is  contrary  to  public  policy  to  burden  a  community 

*^(dth  an  avoidable  expense.     But,  on  the  other  hand,  a  rtiilroad 

Js  not  a  charitable  organization,  but  a  money-making  enter- 

*prise,  and  cannot  be  expected  to  unduly  load  up  its  first  cost 

tn  order  that  subsequent  operating  expenses  may  be  unduly 
Bi&heapened  and  the  tariff  unduly  lowered.     A  common  reason 

^or  increased  distance  is  the  saving  of  the  first  cost  of  a  very 
Expensive  although  shorter  line. 

:::  (e)  Finally,  although  there  is  a  considerable  and  uncom- 
-epensated  loss  resulting  from  curvature  and  grade  which  will 
fijiistify  a  considerable  expenditure  to  avoid  them,  there  is  by 
5no  means  as  much  justification  to  incur  additional  expenditure 

to  avoid  distance.  Of  course  needless  lengthening  should  be 
zavoided.  A  moderate  expenditiu'e  to  shorten  the  line  may  be 
•justifiable,  but  large  expenditures  to  decrease  distance  are 
v: never  justifiable  except  when  the  great  bulk  of  the  traffic  is 
= exceedingly  heavy  and  is  competitive. 

504.  Justification  of  decreasing   distance   to  save   time.     It 
£  should  be  recalled  that  the  changes  which  an  engineer  may 
z  make  which  are    physically  or  financially  possible  will    ordi- 
narily have  but  little  effect  on  the  time  required  for  a  trip, 

:  The  time  which  can  thus  be  saved  will  have  practically  no  value 
for  the  freight  business — at  least  any  value  which  would  justify 
changing  the  route.  When  there  is  a  large  directly  competitive 
passenger  .traffic  between  two  cities  (e.g.  New  York  to  Phila- 
delphia) a  difference  of  even  10  minutes  in  the  time  required 
for  a  run  might  have  considerable  financial  importance,  but 
such  cases  are  comparatively  rare.  It  may  therefore  be  con- 
cluded that  the  value  of  the  time  saved  by  shortening  distance 
will  not  ordinarily  be  a  justification  for  increased  expense  to 
accomplish  it. 

505.  Effect  of  change  of  distance  on  the  business  done. 
The  above  discussion  is  based  on  the  assumption  that  the  busi- 
ness done  is  unaffected  by  any  proposed  change  in  distance. 
If  a  proposed  reduction  in  distance  involves  a  loss  of  t)usiness 
obtained,  it  is  almost  certainly  unwise.  But  if  by  increasing 
the  distance  the  original  cost  of  the  road  is  decreased  (because 
the  construction  is  of  less  expensive  character) ,  and  if  the  receipts 
are  greater,  and  are  increased  still  more  by  an  increase  in  busi- 
ness done,  then  the  change  is  probably  wise.  While  it  is  almost 
im^possiblc  in  a  subject  of  such  complexity  to  give  a  general 


556  RAILROAD  CONBTBUCnON.  | 

rule,  the  following  is  generally  safe:  Adopt  a  n>uf4)  of  siichl 
that  the  annual  traffic  per  mile  of  line  is  a  maximum. 
statement  may  be  improved  by  allowing  the  element  of  oi 
cost  to  enter  and  say,  adopt  a  route  of  such  length  that  the  a 
traffic  per  mile  of  line  divided  by  the  average  cost  per  i 
a  maximum.  Even  in  the  above  the  operating  cost  pel 
as  alfected  by  the  curvature  and  grades  on  the  various  t 
does  not  enter,  but  any  attempt  to  formulate  a  genoa 
which  would  allow  for  variable  operating  expensea  woul 
dently  be  too  complicated  for  practical  applioatim.' 


^ 


CHAPTER  XXII. 

CURVATURE. 

506.  General  objections  to  curvature.  In  the  popular  mind 
curvature  is  one  of  the  most  objectionable  features  of  railroad 
alinement.  The  cause  of  this  is  plain.  The  objectionable 
qualities  are  on  the  surface,  and  are  apparent  to  the  non-tech" 
nical  mind.     They  may  be  itemized  as  follows: 

1.  Curvature  increases  operating  expenses  by  increasing  (a) 
the  required  tractive  force,  (b)  the  wear  and  tear  of  roadbed 
and  track,  (c)  the  wear  and  tear  of  equipment,  and  (d)  the 
required  number  of  track-walkers  and  watchmen. 

2.  It  may  affect  the  operation  of  trains  (a)  by  limiting  the 
length  of  trains,  and  (b)  by  preventing  the  use  of  the  heaviest 
t^'pes  of  engines. 

3.  It  may  affect  travel  (a)  by  the  difficulty  of  making  time, 
(b)  on  account  of  rough  riding,  and  (c)  on  account  of  the  appre- 
hension of  danger. 

4.  There  is  actually  an  increased  danger  of  collision,  derail- 
ment, or  other  form  of  accident. 

Some  of  these  objections  are  quite  definite  and  their  true 
value  may  be  computed.  Others  are  more  general  and  vague 
and  are  usually  exaggerated.  These  objections  will  be  dis- 
cussed in  inverse  order. 

507.  Financial  value  of  the  danger  of  accident  due  to  curva- 
ture. At  the  outset  it  should  be  realized  that  in  general  the 
problem  is  not  one  of  curvature  vs.  no  curvature,  but  simply 
sharp  curvature  vs.  easier  curvature  (the  central  angle  remain- 
ing the  same),  or  a  greater  or  less  percentage  of  eliminalioii 
of  the  degrees  of  central  angle.  A  straight  road  between  teiv 
mini  is  in  general  a  financial  (if  not  a  physical)  impossibility. 
The  practical  question  is  then,  how  much  is  the  financial-  vidue 
of  such  diminution  of  danger  that  may  result  from  such  elinu- 
nations  of  curvature  as  an  engineer  is  able  to  make? 

657 
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In  the  year  1898  there  were  2228  raUroad  accidents  reportol 
by  the  Railroad  Gazette,  whose  Hsts  of  all  accidents  worth  n* 
porting  are  very  complete.  Of  these  a  very  lai^ge  proportki 
clearly  had  no  relation  whatever  to  curvature.  But  nippoa 
we  assume  that  50%  (or  1114  accidents)  were  directly  cfUMl 
by  curvatiu'e.  Since  there  are  approximately  200,000  cum 
on  the  railroads  of  the  country,  there  was  on  the  avenge  ■ 
accident  for  every  179  curv^es  during  the  year.  Therefore  w 
may  say,  according  to  the  theory  of  probabilities,  that  tlN 
chances  are  even  that  an  accident  may  happen  on  any  paiticiibi 
curve  in  179  years.  "^This  assumes  all  curves  to  be  equaUy  daagff* 
ous,  which  is  not  true,  but  we  may  temporarily  consider  it  to  be 
true.  If,  at  the  time  of  the  construction  of  the  road,  SI. 00  imo 
placed  at  compound  interest  at  5%  for  179  yean,  it  would  pn* 
duce  in  that  time  $620.89  for  each  dollar  saved,  wherewitiitopiy 
all  damages,  while  the  amount  necqjssary  to  eliminate  thai  eiB^ 
vature,  even  if  it  were  possible,  would  probably  be  several  thou- 
sand dollars.  The  number  of  passengers  carried  one  nufe  for 
one  killed  in  1898-99  was  61,051,580.  If  a  passen^^  mreto 
ride  continuously  at  the  rate  of  sixty  miles  per  hour,  duf  ui 
night,  year  after  year,  he  would  need  to  ride  for  more  than  116 
years  before  he  had  covered  such  a  nulea|^,  and  even  then  tin 
probabilities  of  his  death  being  due  to  curvature  or  to  aoeh  i 
reduction  of  curvature  as  an  engineer  might  aocompUah  He 
very  small.  Of  course  particular  curves  are  often,  for  BpeM 
reasons,  a  source  of  danger  and  justify  the  employment  ff' 
special  watchmen.  They  would  also  justify  very  large 
ditures  for  their  elimination  if  possible.  But  as  a 
proposition  it  is  evidently  impossible  to  assign  a  definite 
value  to  the  danger  of  a  serious  accident  happening  on 
ticular  curve  which  has  no  special  elements  of  danger. 

Another  element  of  safety  on  curved  track  is  that  tnitd 
human  nature  to  exercise  greater  care  where  the  danger  is 
apparent.  Many  accidents  are  on  record  which  have 
caused  by  a  carelessness  of  locomotive  engineers  on  a  sinHJ^ 
track  when  the  extra  watchfulness  usually  observed  on  4 
track  would  have  avoided  them. 

508.  Effect  of  curvature  on  travel,    (a)  Difficulty  la 
time.    The  general  use  of  transition  curves  has  Lugaly 
nated  the  necessity  for  reducing  speed  on  curves,  and 


the  speed  is  reduced  it  is  done  so  easily  and  quickly  by 
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of  air-brakes  that  but  little  time  is  lost.  If  two  parallel  lines 
were  competing  sharply  for  passenger  traffic,  the  handicap  of 
sharp  curvature  on  one  road  and  easy  curvature  on  the  othe|r 
might  have  a  considerable  financial  value,  but  ordinarily  tke 
mere  reduction  of  time  due  to  sharp  curvature  will  not  have  any 
computable  financial  value. 

(b)  On  account  of  rough  riding.  Again,  this  is  much  reduced 
by  the  use  of  transition  curves.  Some  roads  suffer  from  a  gen- 
eral reputation  for  crookedness,  but  in  such  cases  the  excessive 
<5urvature  is  practically  unavoidable.  This  cause  probably 
does  have  some  effect  in  influencing  competitive  passenger 
traffic. 

(c)  On  account  of  the  apprehension  of  danger.  This  doubtless 
has  its  influence  in  deterring  travel.  The  amount  of  its  influence 
is  hardly  computable.  When  the  track  is  in  good  condition 
and  transition  curves  are  used  so  that  the  riding  is  smooth, 
even  the  apprehension  of  danger  will  largely  disappear. 

Travel  is  doubtless  more  or  less  affected  by  curvature,  but 
it  is  impossible  to  say  how  much.  Nevertheless  the  engineer 
should  not  ordinarily  give  this  item  any  financial  weight  what- 
soever. Freight  traffic  (two  thirds  of  the  total)  is  unaffected 
by  it.  It  chiefly  affects  that  limited  class  of  sharply  competi- 
tive passenger  traffic — a  traffic  of  which  most  roads  have  not  a 
trace. 

509.  Effect  on  operation  of  trains,  (a)  Limiting  the  length 
of  trains.  When  curvature  actually  limits  the  length  of  trains, 
as  is  sometimes  true,  the  objection  is  valid  and  serious.  But 
this  can  generally  be  avoided.  If  a  curve  occurs  on  a  ruling 
grade  without  a  reduction  of  the  grade  sufficient  to  compensate 
for  the  curvature,  then  the  resistance  on  that  curve  will  be  a 
maximum  and  that  curve  will  limit  the  trains  to  even  a  less 
weight  than  that  which  may  be  hauled  on  the  ruling  grade. 
In  such  cases  the  unquestionably  correct  policy  is  to  "com- 
pensate for  curvature, "  as  explained  later  (see  §§510,  511),  and 
not  allow  such  an  objection  to  exist.  It  is  possible  for  curvature 
to  limit  the  length  of  trains  even  without  the  effect  of  grade. 
On  the  Hudson  River  R.  R.  the  total  net  fall  from  Albany  to 
New  York  is  so  small  that  it  has  practically  no  influence  in 
determining  grade.  On  the  other  hand,  a  considerable  portion 
of  the  route  follows  a  steep  rocky  river  bank  which  is  so  crooked 
that  much  curvature  is  unavoidable  and  very  sharp  curvaturo 
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can  only  be  avoided  by  very  Uige  espenditwe.  Aa  a  ea 
sharp  curvature  has  been  used  and  the  resiataiioe  on  i 
is  far  greater  than  that  of  any  fluotuatioQs  of  gmdi 

'  was  necessary  to  use.    Or,  at  least,  a  comparativ 

expenditure  would  sufHce  to  cut  down  any  g^ade  a 
resistance  would  be  less  than  that  of  aome  curve  "wk 
not  be  avoided  except  at  an  enottnoufl  cost.     And  m 

Y^  since  the  length  of  trains  is  really  limited  by  ourvatv 

1  grades  of   0.3  to  0.5%  have   been   freely  introduc 

might  be  removed  at  comparatively  small  expense      1 
^;^  ^  case  is  very  unusual.    Low  grades  are  usually  aasocij 

•  'j  *  generally  level  country  where   curvature .  is   easily  i 

t3  as  in  the  Camden  and  Atlantic  R.  R.    Even  in  Um 

case  of  the  Hudson  River   road  the  nuudmum  cui 
only  equivalent  to  a  comparatively  low  ruling  grade. 
4  (b)  Preventing  the  use  of  the  heaviest  types  of  engfa 

validity  of  this  objection  depends  somewhat  on  the 
curvature  and  the  detailed  ccmstruction  of  the  engin 
some  types  of  engines  might  have  difficulty  on  eurv 
tremely  short  radius,  yet  the  objection  is  ordinaril] 
This  will  host  be  appreciated  when  it  is  recalled  that  i 
solidation"  type  was  originally  designed  for  use  on  1 
curvature  of  the  mountain  divisions  of  the  Lehigh  VisI 
and  that  the  typo  has  been  found  so  satisfactory  tli 
been  extensively  employed  elsewhere.  It  whould  al 
membered  that  during  the  Civil  War  an  imnrwnffft  tn 
passed  over  a  hastily  constructed  trestle  near  Petenl 
the  track  having  a  radius  of  50  feet.  As  a  result  of  a  1 
at  Renovo  on  the  Philadelphia  and  Erie  R.  R.  by  ; 
Dripps,  Gen.  Mast.  Mech.,  in  1875,*  it  was  dainn 
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COMPENSATION    FOR   CURVATURE. 

510.  Reasons  for  compensation.  The  effect  of  curvature  on 
a,  grade  is  to  increase  the  resistance  by  an  amount  which  is  equiv- 
alent to  a  material  addition  to  that  grade.  On  minor  grades 
the  addition  is  of  little  importance,  but  when  the  grade  is  nearly 
3r  quite  the  ruling  grade  of  the  road,  then  the  additional  resist- 
ance induced  by  a  curve  will  make  that  curve  a  place  of  maxi- 
xium  resistance  and  the  real  maximum  will  be  a  "virtual  grade" 
jomewhat  higher  than  the  nominal  maximum.     If,  in  Fig.  211, 


^2. 


z^---"  ' 


^-^"^       Tang.      D 

-■Taha__^ri^^l^i^ ""AcUial  grade 

.g_ 

Fia.  211. 

AN  represents  an  actual  uniform  grade  consisting  of  tangents 
and  curves,  the  "virtual  grade'*  on  curves  at  BC  and  DE  may 
be  represented  by  BC  and  DE,    If  BC  and  DE  are  very  long, 
or  if  a  stop  becomes  necessary  on  the  curve,  then  the  full  dis- 
advantage of  the  curve  becomes  developed.     If  the  whole  grade 
may  be  operated  without  stoppage,  then,  as  elaborated  further 
in  the  next  chapter,  the  whole  grade  may  be  operated  as  if  equal 
to  the  average  grade,  AjP,  which  is  better  than  BC,  although 
much  worse  than  AN.     The  process  of  "compensation"  con- 
sists in  reducing  the  grade  on  every  curve  by  such  an  amount 
that  the  actual  resistance  on  each  curve,  due  to  both  curvature 
and  grade,  shall  precisely  equal  the  resistance  on  the  tangent. 
The  practice  effect  of  such  reduction  is  that  the  "virtual"  grade 
is  kept  constant,  while  the  nominal  grade  fluctuates. 

One  effect  of  this  is  that  (see  Fig.  212)  instead  of  accomplish- 
ing the  vertical  rise  from  A  to  6^  (i.e.,  HG)  in  the  horizontal 
distance  AH,  it  requires  the  horizontal  distance  AK.  Such  an 
addition  to  the  horizontal  distance  can  usually  be  obtained  by 
proper  development,  and  it  should  always  be  done  on  a  ruling 
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grade.  Of  course  it  is  possible  that  it  will  coet  more  to  aoeom- 
plish  this  than  it  is  worth,  but  the  engineer  should  be  sure  of 
this  before  allowing  this  virtual  increase  of  the  grade. 


FiQ.  212. 


European  engineers  early  realized  the  significance  of  unie- 
duced  curvature  and  the  folly  of  laying  out  a  uniform  ruliiig 
grade  regardless  of  the  curvature  encountered.  Curve  compen- 
sation is  now  quite  generally  allowed  for  in  this  country,  bot 
thousands  of  miles  have  been  laid  out  without  any  compeni- 
tion.  A  very  common  limitation  of  curvature  and  grade  hii 
been  the  alliterative  figures  6^  curvature  and  60  feet  permib 
of  grade,  either  singly  or  in  combination.  Assuming  that  the 
resistance  on  a  6^  curve  is  equivalent  to  a  0.3%  grade  (15M  fert 
per  mile),  then  a  G**  curve  occurring  on  a  60-foot  grade  wouU 
develop  more  resistance  than  a  75-foot  grade  on  a  tftngB***- 
The  "mountain  cut-off"  ol  the  Lehigh  Valley  Railroad  MB 
Wilkesbarre  is  a  fine  example  of  a  heavy  grade  compennlad 
for  curvature,  and  yet  so  laid  out  that  the  virtual  grade  ii  uni- 
form from  bottom  to  top,  a  distance  of  several  miles. 

511.  The  proper  rate  of  compensation.  This  evidently  b  fti 
rat-e  of  grade  of  which  the  resistance  just  equals  the 
due  to  the  curve.  But  such  resistance  is  variable.  It  is 
as  the  velocity  is  lower ;  it  is  generally  about  2  lbs.  per  loi 
(equivalent  to  a  0.1%  grade)  per  degree  of  curve  when  Btaitfaf 
a  train.  On  this  account,  the  compensation  for  a  curve  wUA 
occurs  at  a  known  stopping-place  for  the  heaviest  trains  dhhsM 
be  0  1%  per  degree  of  curve.  The  resistance  is  not  even  dtrSnt^f 
proportional  to  the  degree  of  curvatiir.>,  although  it  ia  lUHttBlf 
considered  to  be  so.  In  fact  most  formula)  for  curve  reritataMI 
are  based  on  such  a  relation.  But  if  the  experimentoQy  dsl^ 
mined  resistances  for  low  curvatures  are  applied  to  the  rwri—lii 
curvature   of   the   P^'ew  York  Elevated  rcMuly  for  <w»ip|p^  Hi 
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rules  become  ridiculous.  On  this  account  the  compensation 
per  degree  of  curve  may  be  made  less  on  a  sharp  curve  than  on 
an  easy  curve.  The  compensation  actually  required  for  very 
fast  trains  is  less  than  for  slow  trains,  say  0.02  or  0.03%  per 
degree  of  curve;  but  since  the  comparatively  slow  and  heavy 
freight  trains  are  the  trains  which  are  chiefly  limited  by  ruling 
grade,  the  compensation  must  be  made  with  respect  to  those 
trains.  From  0.04  to  0.05%  per  degree  is  the  rate  of  compen- 
sation most  usually  employed  for  average  conditions.  Curves 
which  occur  below  a  known  stopping-place  for  all  trains  need 
not  be  compensated,  for  the  extra  resistance  of  the  curve  will 
be  simply  utilized  in  place  of  brakes  to  stop  the  train.  If  a  curve 
occurs  just  above  a  stopping-place,  it  is  very  serious  and  should 
be  amply  compensated.  Of  course  the  down-grade  traffic  need 
not  be  considered. 

It  sometimes  happens  that  the  ordinary  rate  of  compensa- 
tion will  consume  so  much  of  the  vertical  height  (especially  if 
the  curvature  is  excessive)  that  a  steeper  through  grade  must 
be  adopted  than  was  first  computed,  and  then  the  trains  might 
strJl  on  the  tangents  rather  than  on  the  curves.  In  such  cases 
a  slight  reduction  in  the  rate  of  compensation  might  be  justi- 
fiable. 

The  following  rules  have  been  approved  by  the  Amer.  Rwy. 
Eng.  Assoc. 

1.  Compensate  .03%  per  degree  (a)  when  the  length  of  curve 
is  less  than  half  the  length  of  the  longest  train;  (* )  when  a  curve 
occurs  within  the  first  20  feet  of  rise  of  a  grade;  (c)  when  cur- 
vature is  in  no  sense  limiting. 

2.  Compensate  .035%  per  degree  (a)  when  curves  are  be- 
tween one-half  and  three-quarters  as  long  as  the  longest  train; 

(b)  when  the  curve  occurs  between  20  feet  and  40  feet  of  rise 
from  the  bottom  of  the  grade. 

3.  Compensate  .04%  per  degree  (a)  where  the  curve  is  habit- 
ually operated  at  low  speed;  (6)  where  the  length  of  the  curve 
is  longer  than  three-quarters  of  the  length  of  the  longest  train; 

(c)  where  elevation  is  excessive  for  freight  trains;  (d)  at  all  places 
where  curvature  is  likely  to  be  limiting. 

4.  Compensate  .05%  per  degree  wherever  the  loss  of  elevation 
can  be  spared. 

512.  The  limitations  of  maximum  curvature.  What  is  the 
maximum  degree  of  ciu'vature  which  should  be  allowed  on  any 
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road?  It  has  been  shown  that  sharp  curvature  does  not  preveak 
the  use  of  the  heaviest  types  of  engines,  and  although  a  shaip 
curve  unquestionably  increases  operating  expenses,  the  incieaas 
is  but  one  of  degree  with  hardly  any  definite  limit.  The  gpncnl 
character  of  the  country  and  the  gross  capital  available  (or 
the  probable  earnings)  are  generally  the  true  criteriona. 

A  portion  of  the  road  from  Denver  to  Leadvilley  CSol.,  is  a 
exami^le  of  the  necessity  of  considering  sharp  curvature.  V» 
traffic  that  mi^ht  be  expected  on  the  line  was  so  meagre  ami 
yet  the  general  character  of  the  country  was  so  forbiddiqi 
that  a  road  built  according  to  the  usual  standards  would  ham 
cost  very  much  more  than  the  traffic  could  possibly  pay  fat 
The  line  as  adopted  cost  about  S20,000  per  mile,  and  yet  in  i 
stretch  of  11.2  miles  there  are  about  127  curves.  One  ia  a  25^ 
20'  curve,  twenty-four  are  24°  ciu^es,  twenty-five  are  20®  curfH^ 
and  soventy-two  are  sharper  than  10°.  If  10**  had  been  mads 
the  limit  (a  rather  high  limit  according  to  usual  ideas),  it  ii 
probable  that  the  line  would  have  been  found  impractirablB 
(except  with  prohibitive  grades)  unless  four  or  five  times  m 
much  per  mile  had  been  spent  on  it,  and  this  would  have  nnned 
the  project  financially. 

For  many  j-ears  the  main-line  trafHc  of  the  Baltimore  and 
Ohio  11.  R.  has  })assed  over  a  300-foot  curve  (19**  100  •»*  • 
400- foot  curve  (14°  22')  at  Harper's  Ferry.  A  few  years  ags 
some  reduction  was  made-  in  this  by  means  of  a  tunnel,  bat 
the  fact  that  such  a  road  thought  it  wise  to  construct  and  operati 
such  curv'cs  (and  such  illustrations  on  the  heaviest-traffic  roadi 
are  (juitc  common)  shows  how  foolish  it  is  for  an  engineer  to 
sacrifice  money  or  (which  is  much  more  common)  sacrifiot 
gradients  in  order  to  reduce  the  rate  of  curvature  on  a  raid 
which  at  its  best  is  but  a  second-  or  third-class  road. 

Of  cours>e  such  belittling  of  the  effects  of  curvature  nuf 
be  (and  sometimes  is)  carried  to  an  extreme  and  cause  aa  fiy- 
neer  to  fail  to  gi\'e  to  cur\'ature  its  due  consideration.  "Deg^ 
of  central  angle  shoidd  always  be  reduced  by  all  the  ingennitf 
of  the  engincxT,  and  should  •nly  be  limited  by  the  general  id^ 
tion  between  the  financial  and  topographical  conditioDB  of  thi 
problem.  Easy  curvature  is  in  general  better  than  sharp cunfr 
ture  and  should  be  adopted  when  it  may  be  do  d  at  a  muA\ 
financial  sacrific(%  especially  since  it  reduces  i  nee  ^somSJ 
and  may  even  cut  down  the  initial  cost  of  that      lOtiw  ^  ^i 
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road.  But  large  financial  expenditures  are  rarely,  if  ever,  jus- 
tifiable where  the  net  result  is  a  mere  increase  in  radius  without 
a  reduction  in  central  angle.  An  analysis  of  the  changes  which 
have  been  so  extensively  made  during  late  years  on  the  Penn. 
R.  R.  and  the  N.  Y.,  N.  H.  &  H.  R.  R.  will  show  invariablv  a 
reduction  of  distance,  or  of  central  angle,  or  both,  and  perhaps 
incidentally  an  increase  in  radius  of  curvature.  There  are  but 
few,  if  any,  cases  where  the  sole  object  to  be  attained  by  the 
improvement  is  a  mere  increase  in  radius. 

The  requirements  of  standard  M.  C.  B.  car-couplers  have 
virtually  placed  a  limitation  on  the  radius  on  account  of  the 
corners  of  adjacent  cars  striking  each  other  on  very  sharp 
curves.  This  limitation  has  been  crystallized  into  a  rule  on 
the  P.  R.  R.  that  no  curve,  even  that  of  a  siding,  can  have  a 
less  radius  than  175  feet,  which  is  nearly  the  radius  of  a  33° 
curve.  Of  course  only  the  most  peremptory  requirements  of 
yard  work  would  justify  the  employment  of  such  a  radius. 


CHAPTER  XXm. 

GRADE. 

513.  Two  distinct  effects  of  grade.  The  effects  of  grade  m 
train  expanses  are  of  two  distinct  kinds;  one  possible  effect  ii 
very  costly  and  should  be  limited  even  at  considerable  expen- 
diture; the  other  is  of  comparatively  little  importance^  its  eoit 
being  slight.  As  long  as  the  length  of  the  train  is  not  limited, 
the  occurrence  of  a  grade  on  a  road  siixiply  means  that  the  enpne 
is  required  to  develop  so  many  foot-pounds  of  work  in  raisBI 
the  train  so  many  feet  of  vertical  height.  For  example,  if  a 
freight  train  weighing  GOO  tons  (1,200,000  lbs.)  climbs  a  hQI 
50  feet  high,  the  engine  performs  an  additional  work  of  creatiDK 
60,000,000  foot-pounds  of  potential  energy.  If  this  hd^it  ■ 
surmounted  in  2  miles  and  in  6  minutes  of  actual  Ume  (80 
miles  per  hour),  the  extra  work  is  10,000,000  foot-pounds  per 
minute,  or  about  303  horse-power.  But  the  disadvantages  of 
such  a  rise  are  always  largely  compensated.  Except  for  the  fact 
that  one  terminus  of  a  road  is  generally  higher  than  the  othei^ 
e^'ery  up  grade  is  followed,  more  or  less  directly,  by  a  down  gradi 
which  is  operated  partly  by  the  potential  ener^gy  acquired  duiim 
the  previous  climb.  But  when  we  consider  the  trains  runnioK 
in  both  directions  even  the  difference  of  elevation  of  the  tennni 
is  largely  neutralized.  If  we  could  eliminate  friotional  nM 
anccs  and  particularly  the  use  of  brakes,  the  net  efifect  of  nnnor 
grades  on  the  operation  of  minor  grades  in  both  directions 
be  zero.  Whatever  was  lost  on  any  up  grade  would  be 
on  a  succeeding  down  grade,  or  at  any  rate  on  the  return  tdf> 
On  the  ver}'  lowest  grades  (the  limits  of  which  are  defined  !■!■) 
we  may  consider  this  to  be  literally  true,  vis.,  that  no(lil||ii 
lost  by  their  presence ;  whatever  is  temporarily  lost  in  i^iiil^l 
them  is  either  immediately  regained  on  a  subsequent  1} 
grade  or  is  regained  on  the  return  trip.  If  a  stop  la  reqnini, 
at  the  bottom  of  a  sag,  there  is  a  n«t  and  unoompenaated 
of  energy. 
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On  the  other  hand,  if  the  length  of  trains  is  limited  by  the 
grade,  it  will  require  more  trains  to  handle  a  given  traffic.  The 
receipts  from  the  traffic  are  a  definite  sum.  The  cost  of  hand- 
ling it  will  be  nearly  in  proportion  to  the  number  of  trains. 
Assume  that  by  lowering  the  rate  of  ruling  grade  it  becomes  pos- 
sible to  handle  such  an  increased  number  of  cars  with  one  engine 
that  four  engines  can  haul  as  many  cars  on  the  reduced  grade  as 
five  engines  could  haul  on  the  higher  grade  and  at  a  cost  but 
slightly  more  than  four-fifths  as  much.  The  effect  of  this  on 
dividends  may  readily  be  imagined. 

514.  ApplicatioQ  to  the  movement  of  trains  of  the  laws  of 
accelerated  motion.  When  a  train  starts  from  rest  and  acquires 
its  normal  velocity,  it  overcomes  not  only  the  usual  tangent 
resistances  (and  perhaps  curve  and  grade  resistances),  but  it 
also  performs  work  in  storing  into  the  train  a  vast  fund  of  kinetic 
energy.  This  work  is  not  lost,  for  every  foot-pound  of  such 
energy  may  later  be  utilized  in  overcoming  resistances,  pro- 
vided it  is  not  wasted  by  the  action  of  train-bralPSS.  If  for  a 
moment  we  consider  that  a  traia^  runs  without  any  friction, 
then,  when  running  at  a  velocity  of  v  feet  per  second,  it  possesses 
a  kinetic  energy  which  "would  raise  it  to  a  height  h  feet,  when 

h  =  — ,  in  which  g  is  the  acceleration  of  gravity  =32.16.  Assum- 

ing  that  the  engine  is  exerting  just  enough  energy  to  overcome 
the  friction^l  resistances,  the  train  would  climb  a  grade  until  the 
train  was  raised  h  feet  above  the  point  where  its  velocity  was  n 
When  it  had  climbed  a  height  h'  (less  than  h)  it  would  have  a 

velocity  Vi=\/2g{h—h').     As  a  numerical  illustration,  assume 

V  =  30  miles  per  hour = 44  feet  per  second.  Then  ^  =  —  =30.1  feet, 

and  assuming  that  the  engine  was  exerting  just  enough  force 
to  overcome  the  rolling  resistances  on  a  level,  the  kinetic 
energy  in  the  train  would  carry  it  for  two  miles  up  a  grade  of 
15  feet  per  mile,  or  half  a  mile  up  a  grade  of  60  feet  per  mile. 
When  the  train  had  climbed  20  feet,  there  would  still  be  10.1 

feet  left  and  its  velocity  would  be  Vi=\/2sr(  10.1)  =25.49  feet 
per  second  =  17.4  miles  per  hour.  These  figures,  however,  must 
be  slightly  modified  on  account  of  the  weight  and  the  revolving 
action  of  the  wheels,  which  form  a  considerable  percentage 
of  the  total  weight  of  the  train.    When  train  velocity  is  being 
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acquired,  part  of  the  work  done  is  spent  in  imparting  the  eogsgy 
of  rotation  to  the  driving-wheels  and  various  truck-wheeb  of 
the  train.  Since  these  wheels  run  on  the  rails  and  must  ton 
as  the  train  moves,  their  rotative  kinetic  energy  is  juat  as  effect* 
ive — as  far  as  it  goes — in  becoming  transformed  back  into 
useful  work.  The  proportion  of  this  energy  to  the  total  kinetiB 
energy  has  already  been  demonstrated  (see  Chapter  XVI, 
§  435).  The  value  of  this  correction  is  variable,  but  an  avenflB 
value  of  5%  has  been  adopted  for  use  in  the  accompanying 
tabular  form  (Table  XLII),  in  which  is  given  the  oomcted 
''  velocity  head  "  corresponding  to  various  velocitiea  in  mifci 
per  hour.    The  table  is  computed  from  the  following  fonnuLi: 

,,  ,    .     ,      ,     t;2  in  ft.  per  sec.     2. 151 F* in  m.  per  h. 

Velocity  head  = --^- = ^,"   ^       —  »Oj03344P 

^  64.32  64.32  «A*«w«r 

adding  5%for  the  rotative  kinetic  energy  of  the  wheelsy  0.001877* 

The  corrected  velocity  head  therefore  equals  OjOSSHF* 

Part  of  the  figures  of  Table  XLII  were  obtained  by  inter- 
polation and  the  final  hundredth  may  be  in  error  by  one  i™*, 
but  it  may  readily  be  shown  that  the  final  hundredth  is  of  bo 
practical  importance.  It  is  also  true  that  the  chief  use  mads 
of  this  table  is  with  velocities  much  less  than  46  miles  per  hoar. 
Corresponding  figures  may  be  obtained  for  higher  vekMdtieB,  if 
desired,  by  multiplying  the  figure  for  half  the  vekMsity  hyfavr. 

515.  Construction  of  a  virtual  profile.  The  follo^Hng  iwitniii 
demonstration  will  be  made  on  the  basis  that  the  oidinaiy 
tractive  resistances  and  also  the  tractive  force  of  the  looomo- 
tive  are  independent  of  velocity.  For  a  considerable  range  of 
velocity  which  includes  the  most  common  frei^t-train  veloQitw 
the  first  assumption  is  practically  true;  the  second  aaBumptkw 
is  so  nearly  true  under  certain  possible  operative  conditions  that  it 
may  serve  as  a  preliminary  to  the  more  accurate  solution.  It  xmf 
l>est  be  illustrated  by  considering  a  simple  numerical  awtwiph. 

Assume  that  Fig.  213  shows  the  profile  of  a  section  of  road  and 
that  the  grade  of  AE  is  0.40%,  which  is  21.12  feet  per  mik. 
Assume  also  that  a  freight  engine  is  climbing  up  the  grade  at  • 
uniform  velocity  of  20  miles  per  hour.  But  since  the  train  ■ 
moving  at  20  miles  per  hour  it  has  a  kinetic  energy  correspaiidnv 
to  a  velocity  of  14.05  feet  (see  Table  XLII).  At  A  it  enooontaia 
down-grade  of  0.20  per  cent,  which  is  1500  feet  loi  AHhm^  I 
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TABLE     XLII — ^VELOCITY    HEAD      (REPRESENTING     THB      KINmC 

energy)  of  trains  moving  at  VARIOTTS  YEUocvsas. 


Vel. 
mi. 
hr. 


5 
6 
7 
8 
9 


10 
11 
12 
13 
14 


15 
16 
17 
18 
19 


20 
21 
22 
23 
24 


25 
26 
27 
28 
29 


30 
31 
32 
33 
34 


35 
36 
37 
38 
39 


40 
41 
42 
43 
44 


0.0 


0.88 


1 
1, 
2. 
2, 


26 
72 
25 
85 


3.51 
4.25 
5.06 
5.93 
6.88 


0.1 


0.91 
1.31 
1.77 
2.30 
2.91 


58 
33 
15 
6.02 
6.98 


7.90 

8.99 

10.15 

11.38 

12.68 


14.05 
15.49 
17.00 
18.58 
20.23 


21.95 
23.74 
25.60 
27.53 
29.53 


31.60 
33.74 
35.95 
38.23 
40.58 


43.01 
45.51 
48.08 
50.72 
53.42 


56.19 
59.03 
61.94 
64.92 
67.98 


8.00 

9.10 

10.27 

11.50 

12.81 


14.19 
15.64 
17.15 
18.74 
20.40 


22.12 
23.92 
25.79 
27.73 
29.73 


31.81 
33.96 
36.17 
38.46 
40.82 


43.26 
45.76 
48.34 
50.99 
53.69 


56.47 
59.32 
62.23 
65.22 
68.29 


0.2 


0.95 
1.35 
1.82 
2.36 
2.97 


0.3 


0.99 
1.40 
1.87 
2.42 
3.04 


3.65 
4.41 
6.23 
6.12 
7.08 


8.11 

9.21 

10.39 

11.63 

12.95 


14.33 
15.79 
17.30 
18.90 
20.57 


22  .'30 
24.10 
25.98 
27.93 
29.93 


32.02 
34.18 
36.39 
38.69 
41.06 


43.51 
46.01 
48.60 
51.26 
53.96 


56.75 
59.61 
62.52 
65.52 
68.60 


3.72 
4.49 
5.32 
6.21 
7.19 


0.4 


1 

1 

1. 

2. 

3. 


02 
44 
92 

48 
10 


8.22 

9.32 

10.51 

11.76 

13.08 


14.47 
15.94 
17.46 
19.06 
20.74 


22.48 
24.28 
26.17 
28.13 
30.13 


32.23 
34.40 
36.62 
38.92 
41.30 


43.76 
46.26 
48.86 
51 .  53 
54.23 


57.03 
59.90 
62.82 
65.82 
68.91 


3.79 
4.67 
6.41 
0.31 
7.29 


0.5 


1.06 
1.48 
1.97 
2.64 
3.17 


8.33 

9.43 

10.63 

11.89 

13.22 


14.61 
16.09 
17.62 
19.22 
20.91 


22.66 
24.46 
26.36 
28.33 
30.34 


32.44 
34.62 
36.85 
39.15 
41.54 


44.01 
46.52 
49.12 
51.80 
54.61 


67.31 
60.19 
63.12 
66.12 
69.22 


3.87 
4.66 
5.60 
6.40 
7.39 


0.6 


1.10 
1.53 
2.03 
2.60 
3.24 


8.44 

9.66 

10.75 

12.02 

13.35 


14.76 
16.24 
17.78 
19.38 
21.08 


22.84 
24.66 
26.65 
28.63 
30.66 


32.66 
34.84 
37.08 
39.38 
41.78 


44.26 
46.78 
49.38 
52.07 
64.79 


57.69 
60.48 
63.42 
66.43 
69.63 


3.95 
4.73 
6.58 
6.50 
7.49 


0.7 


1.14 
1.68 
2.08 
2.66 
3.30 


0.8 


8.55 

9.67 

10.87 

12.15 

13.49 


14.89 
16.39 
17.94 
19.55 
21.25 


23.02 

24.84 

26. 

28.73 

30. 


74  26. 


32.86 
35.06 
37.31 
39.62 
42.02 


44.51 
47.04 
49.64 
62.34 
65.07 


67.87 
60.77 
63.72 
66.74 
69.84 


4.02 
4.81 
6.67 
6.59 
7.60 


1.18 
1.88 
2.14 
2.72 
8.87 


8.66 

0.79 

10.99 

12.28 

13.63 


15.04 
16.54 
18.10 
19.72 
21.42 


23.20 

26.03 

.93 

28.03 

76130.97 


28  35 


33.08 

35. 

37.54 

39.86140 

42.26 


44.76k6 

47.80 

49.91 

52.61 

56.85 


58.16 
61.06 
64.02 
67.05 
70.16 


4.10 
4.89 
5.75 
6.09 
7.70 


8.77 

0.91 

11.12 

12.41 

13.77 


15.19 
16.89 
18.26 
19.88 
21.59 


23.38 
25.22 
27.18 
29.18 
31.18 


58.45 
^1.35 
64.82 
67.86 
70.46 


0.1 


l.» 
1.67 

a.u 

2.78 
3.44 

Tm 

4.fl7 
5.M 
6.78 
7.80 


8.88 
lO.O 
11.18 
1S.55 
18.11 

16.S4 
16.81 
18.48 
20.06 
21.77 


85.41 

a7.s 

29.88 
81.88 


46.86 

47.88 
80.48 
68.U 
56.81 

68.74 
61.81 
64.88 
87.0 
70.18 


Here  we  have  the  rath6r  surprising  conditiQn  that,  altboi^. 
the  grade  is  actually  rising,  it  is  virtually  a  down-grade  under  As 
given  conditions,  for  the  engine  is  working  harder  than  m  i» 
quired  to  run  up  merely  a  0.1%  grade  and  henoe  will 
Telocity.    At  E,  a  distance  of  1600  feet  from  D,  it  leauslifla 
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would  have  been  a  uniform  0.4%  grade  from  A  to  E  and  the 
grade  continues  at  that  rate.  Although  the  train  has  actually 
climbed  1.6  feet  from  D  to  Ej  it  has  virtually  fallen  the  4.8  feet 
between  D  and  D',  and  the  velocity  head  has  increased  from  its 
value  of  9.25  feet  at  D  to  14.05  feet,  and  its  velocity  is  again  20 
miles  per  hour.  The  upper  hne  represents  the  "  virtual  profile," 
which  may  always  be  drawn  by  measuring  off  to  the  proper  scale 
at  every  point  an  ordinate  which  is  the  velocity  head  at  that 
point.  Since  the  engine  is  working  uniformly,  the  virtual  profile 
is  in  this  case  a  straight  line. 

As  another  case,  assume  that  a  train  is  climbing  the  grade  AE 
and  exerting  a  pull  just  sufficient  to  maintain  a  constant  velocity 
up  that  grade.  Then  A'B^  (par- 
allel to  AB)  is  the  virtual  profile, 
AA^  representing  the  velocity 
head.  A  stop  being  required  at 
C,  steam  is  shut  off  and  brakes 
are  applied  at  B,  and  the  velocity 
head  BB^  reduces  to  zero  at  C. 
The  train  starts  from  C,  and  at  D  attains  a  velocity  correspond- 
ing to  the  ordinate  DD\  At  D  the  throttle  may  be  slightly, 
closed  so  that  the  velocity  will  be  uniform  and  the  virtual  grade 
is  D'E\  parallel  to  DE. 

From  the  above  it  may  be  seen  that  a  virtual  profile  has  the 
following  properties: 

(a)  When  the  velocity  is  uniform^  the  virtual  profile  is  parallel 
with  the  actual. 

(6)  When  the  velocity  is  increasing  the  profiles  are  separating; 
when  decreasing  the  profiles  are  approaching. 

(c)  When  the  velocity  is  zero  the  profiles  coincide. 

(d)  The  virtual  grade  at  any  place  is  a  measure  of  the  work 
required  of  the  engine  beyond  that  required  to  overcome  merely 
the  tractive  resistances.  If  it  is  horizontal  it  shows  that  the 
engine  is  doing  nothing  besides  overcoming  the  tractive  re- 
sistances. If  it  is  upward  and  is  uniform,  as  in  Fig.  213,  it 
shows  that  it  is  working  uniformly  and  is  storing  in  the  train 
"  potential "  energy  which  may  be  utilized  on  the  return  trip 
if  it  is  not  utilized  to  overcome  tractive  resistance  in  moving 
down  a  succeeding  down-grade.  If  it  is  downward,  as  from  JB' 
to  C,  Fig.  214,  it  shows  that  the  train  is  giving  up  kinetic  energy, 
probably  consuming  most  of  it  in  brakes,  but  utilizing  some  of  it 
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to  furnish  the  tractive  power  to  run  from  B  to  C  and  abo  to 
overcome  the  grade  from  B  to  C 

516.  Variation  in  draw-bar  pull.    The  above  demonstratioi 
has  been  made  on  the  basis  that  the  draw-bar  pull  is  conBtaiit 
throughout.     It  is  shown  in  Chapter  XVIII  that,  when  the 
engine  is  working  at  its  full  capacity  the  draw-bar  pull  decnMCi 
as  the  velocity  increases,  which  is  chiefly  due  to  the  fact  that  if 
we  attempt  to  use  full  stroke  at  2  M  or  3  Af  velocity  the  steia 
will  l)e  so  rapidly  exhausted  from  the  boiler  that  the  presBure  iriH 
fall.     Therefore  the  valves  are  set  to  cut  off  so  as  to  use  tk 
steam  expansively  but  as  this  reduces  the  average  preaaart  JA 
the  cylinder,  then  (see  Eq.  103),  the  tractive  power  must  be  lea. 
The  reduction  of  tractive  power  for  several  multiplee  of  Jf  ii 
shown  in  Table  XXXIX.     For  example,  in  the  numerical  prob- 
lem given  above,  and  assuming  the  use  of  the  Mikado  engjns 
whose  characteristics  have  already  been  computed,  the  velocity 
at  A  =20  -7-6.167  =3.25  M  and  the  tractive  power  at  this  velocity 
is  49.23%  of  its  power  at  M  velocity.     From  the  tabular  form  in 
§  460  the  draw-bar  pull  at  3.25  M -velocity  may  be  found  hf 
interpolation  to  be  16587  lbs.     Similarly  at  B  the  velocity  ii 
ezpecled  to  be  25.6  m.p.h.  =4.15  3f,  and  then  the  tractive  power 
is  38.48%  and  the  draw-bar  pull  only  12484  lbs.,  about  75% 
of  the  pull  at  A .     But  since  the  draw-bar  pull  is  so  much  redneed 
the  velocity  evidently  would  not  l>e  increased  the   theoreticBl 
amount  due  to  the  virtual  drop  BB'.    On  the  other  bandy  iHm 
the  train  reaches  />,  where  the  velocity  i3  auppoMj  to  be  16J 
m.p.h.  =2.62  M,  the  draw-bar  pull  would  bo  20144,  which  is  over 
121%  of  the  normal  pull  at  3.25  M  velocity.     The  averagB  puU 
between  B  and  D  is  16314  or  within  2  %  of  the  normal  16587. 
The  average  between  A  and  Ej  assuming  that  the  tbeofetieil 
velocities  at  B  and  D  were  actually  reaUzed,  would  be  about  2% 
below  the  assumed  pull  at  A .    The  3000-foot  sag  ABC  will  bo 
passed  in  90  seconds  and  no  very  great  reduction  in  boiler  powtf 
could  take  place  in  that  time ,  especially  if  the  fireman  uaed  eitit 
care  to  maintain    the  pressure.     Investigators  have   dedUnd 
tluit  tests  of  trains,  with  a  dynamometer  car  between  the  tender 
and  cars,  have  shown  a  practically  uniform  draw-bar  pull,  with 
an  unchanged  throttle  and  with  velocities  varying  Bubatantaally 
on  the  principles  indicated  above.     If  the  sag  ABC  ib  exoeaBivetf 
long  or  deep  the  reduction  of  tractive  force  with  iucreaiBd  * 
>city  would  be  so  great  that  the  error  of  the  method  wvoU  b6 
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too  great  for  practical  use.  But  experience  has  proven  that 
for  ordinary  cases  the  method  can  be  used  with  substantial 
accuracy. 

517.  tJse,  value,  and  possible  misuse.  The  essential  feature 
respecting  grades  is  the  demand  on  the  locomotive.  From  the  ^ 
ioregoing  it  may  readily  be  seen  that  the  ruling  grade  of  a  road 
is  not  necessarily  the  steepest  nominal  grside.  When  a  grade 
may  be  operated  by  momentum,  i.e.,  when  every  train  has  an 
opportunity  to  take  "  a  run  at  the  hill,"  it  may  become  a  very 
harmless  grade  and  not  limit  the  length  of  trains,  while  another 
grade,  actually  much  less,  which  occurs  at  a  stopping-place 
for  the  heaviest  trains,  will  require  such  extra  exertion  to  get 
trains  started  that  it  may  be  the  worst  place  on  the  road. 
Therefore  the  true  way  to  consider  the  value  of  the  grade  at 
any  critical  place  on  the  road  is  to  construct  a  virtual  profile 
for  that  section  of  the  road.  The  required  length  of  such  a 
profile  is  variable,  but  in  general  may  be  said  to  be  limited  by 
points  on  each  side  of  the  critical  section  at  which  the  velocity 
is  definite,  as  at  a  stopping-place  (velocity  zero),  or  a  long  heavy 
grade  where  it  is  the  minimum  permissible,  say  M  miles  per 
hoiu". 

Since  the  velocities  of  different  trains  vary,  each  train  will 
have  its  owa  virtual  profile  at  any  particular  place.  Fast 
passenger  trains  are  less  affected  than  slow  freight  trains.  The 
requirement  of  high  average  speed  necessitates  the  use  of  power- 
ful engines,  and  grades  which  would  stall  a  heavy  freight  will 
only  cause  a  momentary  and  harmless  reduction  of  speed  of 
the  fast  passenger  train. 

A  possible  misuse  of  virtual  profiles  lies  in  the  chance  that  a 
station  or  railroad  grade  crossing  may  be  subsequently  located 
on  a  heavy  grade  that  was  designed  to  be  operated  by  momen- 
tum. But  this  should  not  be  used  as  an  argument  against  the 
employment  of  a  virtual  profile.  The  virtual  profile  shows  the 
ndual  stale  of  the  case  and  only  points  out  the  necessity,  if  an 
unexpected  requirement  for  a  full  stoppage  of  trains  at  a  critical 
point  has  developed,  of  changing  the  location  (if  a  station),  or  / 
of  changing  the  grade  by  regrading  or  by  using  an  overhead/ 
crossing. 

518.  Undulatory  grades.  Advantages.  Money  can  generally 
be  saved  by  adopting  an  actual  profile  which  is  not  strictly 
uniform — the  matter  of  compensation  for  curvature  being  here 
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ignored.  Its  effect  on  the  operation  of  trainB  is  harmksB  pro- 
vided the  sag  or  hump  is  not  too  great.  In  Fig.  215  the  undu- 
latory  grade  may  actually  be  operated  as  a  imiform  grade  AG, 
The  sag  at  C  must  be  considered  as  a  sag,  even  though  BC  is  actu- 
ally an  up  grade.  But  the  engine  is  supposed  to  be  workiiig 
hard  enough  to  carry  a  train  at  uniform  velocity  up  a  grade  AG^ 
Therefore  it  gains  in  velocity  from  B  to  C,  and  from  C  to  D  loaei 
an  equal  amount.    It  may  even  be  proven  that  the  ltifi«  le- 

niiimmmiif'' 
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quired  to  pass  the  sag  will  be  slightly  less  than  the  time 
to  run  the  uniform  grade. 

Disadvantages.  The  hump  at  f  is  dangerous  in  that,  if  the 
velocity  at  £7  is  not  equal  to  that  corresponding  to  the  eztia 
velocity-head  ordinate  at  F,  the  train  will  be  stalled  before 
leaching  F.  In  practice  there  should  be  considerable  margin. 
Any  train  should  have  a  velocity  of  at  least  M  (see  |  455) 
in  passing  any  summit.  An  extra  heavy  head  wind,  alippeiy 
rails,  etc.,  may  use  up  any  smaller  margin  and  stall  the  tnin. 
If  the  grade  AG  is  a.  ruling  grade,  then  no  bump  should  be  allowed 
imder  any  circums  tances.  For  the  heaviest  trains  are  suppoaed 
to  be  so  made  up  that  the  engine  will  jiist  haul  them  up  the 
ruling  grades — of  course  with  some  margin  for  safety.  Ajsy 
increase  of  this  grade,  however  short,  would  probably  stall  the 
train. 

Safe  limits.  Since  over  99.4%  of  all  freight  cars  are  noir 
equipped  with  train  brakes  and  automatic  couplers,  there  a 
not  now  the  limitation  which  formerly  existed  about  operatii^ 
freight  trains  at  high  speeds,  but  it  may  frequently  happen 
that  it  would  be  undesirable  to  run  a  freight  train  thirwigh  ^ 
deep  sag  at  such  a  velocity  as  would  result  from  a  free  run  mi^ 
it  would  therefore  become  necessary  to  use  brakes,  which  will 
add  4  distinct  element  of  cost. 

~"i9  term  **  safe  limits"  air  used  here,  refers  to  the  limit*  vritUi 
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which  a  freight  train  may  be  safely  operated  without  the  appli- 
cation of  brakes  or  varying  the  work  of  the  engine.  Of  course 
much  greater  undulations  are  frequently  necessary  and  are 
safely  operated,  but  it  should  be  remembered  that  they  add  a 
distinct  element  to  the  cost  of  operating  trains  and  that  they 
must  not  be  considered  as  harmless  or  that  they  should  be 
introduced  unless  really  necessary. 


RULING   GRADES. 

519.  Definition.  Ruling  grades  are  those  which  limit  the 
weight  of  the  train  of  cars  which  may  be  hauled  by  one  engine. 
The  subject  of  "  pusher  grades  "  will  be  considered  later.  For 
the  present  it  will  sufl&ce  to  say  that  on  all  well-designed  roads 
the  large  majority  of  the  grades  on  any  one  division  are  kept 
below  some  hmit  which  is  considered  the  ruUng  grade.  If  a 
heavier  grade  is  absolutely  necessary  no  special  expense  will 
be  made  to  keep  it  below  a  rate  where  the  resistance  is  twice 
(or  possibly  three  times)  the  resistance  on  the  ruling  grade,  and 
then  the  trains  can  be  hauled  imbroken  up  these  few  special 
grades  with  the  help  of  one  (or  two)  pusher  engines.  So  far 
as  limitation  of  train  length  is  concerned,  these  pusher  grades 
are  no  worse  than  the  regular  ruling  grades  and,  except  for  the 
expense  of  operating  the  pusher  engines  (which  is  a  separate 
matter),  they  are  not  appreciably  more  expensive  than  any 
ruling  grade.  As  before  stated,  the  engineer  cannot  alter  very 
greatly  the  ruUng  grade  of  the  road  when  the  general  route 
has  been  decided  on.  He  may  remove  sags  or  humps,  or 
he  may  lower  the  natural  grade  of  the  route  by  development 
in  order  to  bring  the  grade  within  the  adopted  limit  of  ruling 
grade.  ^J 

520.  Choice  of  ruling  grade.  It  is  of  course  impracticable  for 
an  engine  to  drop  off  or  pick  up  cars  according  to  the  grades 
which  may  be  encountered  along  the  line.  A  train  load  is  made 
up  at  one  terminus  of  a  division  and  must  run  to  the  other 
terminus.  Excluding  from  consideration  any  short  but  steep 
grades  which  may  always  be  operated  by  momentum,  and  also 
all  pusher  grades,  the  maximum  grade  on  that  division  is  the 
ruhng  grade. 

It  will  evidently  be  economy  to  reduce  the  few  grades  which 
naturally  would  be  a  little  higher  tlu^i  the  great  majority  of 
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others  until  such  a  large  amount  of  grade  is  at  some  unifeim 
limit  that  a  reduction  at  all  these  places  would  coet  more  thaa 
it  is  worth.  The. precise  determination  of  this  limit  b  |H«e- 
tically  impossible,  but  an  approximate  value  may  be  at  oom 
determined  from  a  general  survey  of  the  route.  The  distaBm 
apart  of  consecutive  control  points  (see  {  18)  into  their  differ- 
ence of  elevation  is  a  first  trial  figure  for  the  rate  of  the  ^rade.  H 
a  grade  even  approximately  uniform  is  impossible  owing  to  the 
elevation  of  intervening  ground,  the  worst  place  may  be  selected 
and  the  natural  grade  of  that  part  of  the  route  determined. 
If  this  grade  is  much  steeper  than  the  general  run  of  the  n^tigal 
grades,  it  may  be  policy  to  reduce  it  by  development  or  to  heify 
plan  to  operate  that  place  as  a  pusher  grade.  The  ^lunoa  of 
possible  grades  thus  has  large  limitations,  and  it  juatifiea  ymy 
close  study  to  determine  the  best  combination  of  gra<|efl  aad 
pusher  grades.  When  the  choice  has  narrowed  down  to  two 
limits,  the  lower  of  which  may  be  obtained  by  the  expeaditm 
of  a  definite  extra  sum,  the  choice  may  be  readily  computed,  M 
will  be  developed. 

521.  Maximum  train  load  on  any  grade.  The  Mikado  loto* 
motive,  whose  characteristics  were  analyzed  in  Chapter  XVUfi 
has  a  net  pulling  power  at  the  rim  of  the  drivere,  at  M  vekMSttyy 
of  35758  lbs.  which  is  23.3%  of  153,200,  the  weight  oa  the  driTBii. 
This  percentage  is  slightly  over  -^.  Increasing  the  peroentil9 
6%  on  account  of  increased  power  at  starting  we  have  34.7% 
or  nearly  \.  On  the  other  hand,  wet,  slippery  mils  may  nmdtf 
the  adhesion  as  low  as  ^  and  thus  limit  the  actual  dmwiiig  pom. 
Although  the  real  power  of  a  locomotive  depends  CHk  the  'velocilf 
at  which  it  seems  desirable  to  run,  the  maximum  tiaetive  pnwif 
at  *'  M  "  velocity  can  always  be  approximately  estimAtod  ai 
\  of  the  weight  on  the  drivers.  In  Table  XLIII  are  givea  fcho 
weights  of  several  types  of  locomotives  together  ^rttii  tlwir 
tractive  powers  at  three  ratios  of  adhesion.  Theia  valqpa  aia 
useful  when  the  more  elaborate  method  detailed  ii|  Qbapllf 
XVIII  is  not  considered  necessary. 

The  maximum  train  load  on  any  grade  dependa  OH  the  rhofaMlf 
and  number  of  the  cars,  as  well  as  on  their  groas  weifl^  Tit 
approximate  resistance  of  cars  is  given  by  Eq.  191  4i0\Bmjtf  I 
+  122  n.  Ap[)lying  this  to  a  steel  box-oar  weighing  M  tam  Brt 
and  loadoxl  with  100,000  lbs.,  the  resistance  would  he  9Bilha*  ur 
3.85  lbs.  iK^r  ton.     Empty,  llie  resiftanc^  would  be7J3&lfai|.] 
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ton.  Applying  the  formula  to  a  wooden  box-car  weighii^ 
15  tons  net  and  carrying  60,000  lbs.,  the  resistances  for  the 
car  full  and  empty  would  be  4.9  and  10.3  lbs.  per  ton,  respect- 
ively. Three  and  10  jxiunds  per  ton  are  the  ordinary  extremes. 
Although  resistances  of  less  than  3  lbs.  per  ton  have  been 
measured  for  whole  trains  of  heavy-loaded  coal  cars,  tJiere  are 
usually  enough  light-weight  cars  and  empties  in  a  train  to 
increasf!  the  average  per  ton  resistance  to  perhaps  6  lbs.  per  ton. 
The  Mikado  locomotive,  referred  to  above,  had  a  draw-bar 
pull  on  a  level  at  M  velocity  (6,167  m.p.h.)  of  35,419  lbs.  How 
much  of  a  load  could  it  draw  up  a  1.2%  grade  at  M  velocity? 
Assume  that  the  cars  have  a  weight  and  character  such  that 
the  average  resistance  would  be  6  lbs.  per  ton.  The  grade 
resistance  of  the  locomotive  is  315,O0OX.012  =  378O,  which 
subtracted  from  35,419  leaves  31,639,  the  pull  available  for  the 
cars.    Then,  calling  T  the  tons  weight  of  cars 

31,639=62'+(20X1.2Xr)=30T,  and  r  =  1064. 
It  should  be  noted  that  this  computed  tonnage  is  on  the  basis 
of  an  assumed  tractive  resistance  of  6  lbs.  per  ton.  In  §  467 
the  tractive  power  of  this  same  locomotive,  on  the  same  grade, 
is  computed,  by  the  regular  rating  formula,  to  be  16  fully  loaded 
cars,  weighing  70.8  tons  per  car,  a  tot-al  load  of  1133  tons,  or 
53  empties,  weighing  18  tons  per  car,  a  total  load  of  M4  tons. 
The  above  value  of  ?■  is  approximately  the  mean  of  these  two 
extremes.     For  general  computations,  when   the   chaiscter  of 
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the  train  load  is  unknowable,  some  such  average  value,  as  used 
above,  is  probably  as  acjcurate  jis  it  is  possible  to  utilize  it. 

522.  Proportion  of  the  traffic  affected  by  the  ruling  grade. 
Some  very  light  traffic  roads  arc  not  so  fortunate  as  to  have 
a  traffic  which  will  be  largely  affected  by  the  rate  of  the  niliniE 
grade.  When  passenger  traffic  is  light,  and  when,  for  the  sake 
of  encouraging  traffic,  more  frequent  trains  are  run  than  arc 
required  from  the  standpoint  of  engine  capacity,  it  may  hapi)en 
that,  no  passenger  trains  are  really  limited  by  any  grade  on  the 
road — i.e.,  an  extra  passenger  car  could  be  added  if  needed. 
The  maximum  grade  then  has  no  worse  effect  (for  passenger 
trains)  than  to  cause  a  harmless  reductit)n  of  spec^d  at  a  few  ixiinis. 
The  local  freight  busine.ss  is  frequently  affected  in  practically 
the  same  way.  All  coal,  mineral,  or  timl)er  roads  are  affected 
by  the  rate  of  ruling  grade  as  far  lus  such  traffic  is  concerned. 
Likewise  the  through  business  in  general  merchandise,  es|wcially 
of  the  heavy  traffi(;  roads,  will  generally  Ik;  affected  by  the  raie 
of  ruling  grade.  Therefore  in  computing  the  effect  of  ruling 
grade,  the  total  numl>er  of  trains  on  the  road  should  not  ordi- 
narily be  considered,  but  only  the  tniins  to  wiiich  cars  are  added, 
until  the  hmit  of  the  hauling  power  of  the  engine  on  the  ruling 
grades  is  reached. 

PUSHER    GRADES. 

523.  General  principles  underlying  the  use  of  pusher  engines. 

On  nearly  all  roads  there  are  some  grades  which  are  greatly 
in  excess  of  the  general  average  rate  of  grade,  and  these  heavy 
gra<les  cannot  usually  Ik*  materially  reduced  without  an  ex|iend- 
iturc  which  is  ex(H'ssive  and  lui^'ond  the  financial  capacity 
<jf  the  road.  If  no  pusher  engines  are  used,  the  length  uf  all 
heavy  trains  is  limited  by  these  grades.  The  fiiuuicial  value 
of  the  reduction  of  such  ruling  grades  has  already  Ijecn  shown. 
Hut  in  the  operation  of  pusher  grades  there  is  incurred  the 
athiitional  cost  of  pusher-iMigine  service,  for  a  pusher  engine 
must  run  fwirv  over  the  grade  for  eacli  train  which  is  awistrd 
It  is  possilde  for  this  additional  ex]K>nsi^  to  equal  or  even  exceed 
tlie  advantage  to  be  gained.  In  any  case  it  means  the  adoption 
nf  tlic  h>sser  nf  two  evils,  or  the  adoption  of  the  more  economical 
iiK'thod.  The  work  of  overcoming  the  normal  resistoncx^s  of  #u 
many  loa<led  cars  over  so  many  nules  of  irack  and  of  lifting  10 
many  l<ins  n|)  the  fross  dilTerenees  of  elevation  of  prciletermiiied 
{Kjints  of  the  line  is  u{)])ro.\imaiely  the  same  whatever  the  end 
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e,  and  if  the  grades  are  so  made  that  fewer  engines  working 
3  constantly  can  accomplish  the  work  as  well  as  more  engines 
^  are  not  hard  worked  for  a  considerable  proportion  of  the 
I,  the  economy  is  very  apparent  and  unquestionable.  Wel- 
x>n  expresses  it  concisely :  "  It  is  a  truth  of  the  first  importance 
the  objection  to  high  gradients  is  not  the  work  which  the 
nes  have  to  do  on  them,  but  it  is  the  work  which  they  do 
lo  when  they  thunder  over  the  track  with  a  light  train  be- 

1  them,  from  end  to  end  of  a  division,  in  order  that  the 
led  power  may  be  at  hand  at  a  few  scattered  points  where 
e  it  is  needed." 

14.  Balance  of  grades  for  pusher  service.  Assume  that  both 
ler  and  through  engines  are  the  Mikado  engine  with  dimen- 
3  already  given  (§  453),  and  that  they  will  be  operated  at 
r  most  effective  velocity,  M =6.167  m.p.h.,  and  that  the 
jtive  draw-bar  pull  of  each  is  37190-1771=35419  lbs., 
the  locomotive  grade  resistance,  which  on  a  1.9%  grade 
0X1.9X157.5  =  5985  lbs.  The  net  draw-bar  pull  on  this 
le  for  each  engine  is,  therefore,  29434  lbs.  Assimie  that 
train  considered  is  made  up  of  coal  cars  weighing  40000  lbs. 
and  carrying  100,000  lbs.  each;  also  a  caboose  weighing  12 
;.  Utilizing  Eq.  121,  the  tractive  resistance  of  a  loaded 
car  will  be  2.2X70+122=276,  and  the  grade  resistance 
:  1.9X70 =2660,  making  a  total  of  2936.  The  total  for  the 
yose  is  148+456=604.  The  two  engines  have  a  net  draw- 
pull  of  2X29434  =  58868  lbs.  Subtracting  604  for  the 
)ose,  there  is  left  58264  for  coal  cars.  58264-^2936  =  19.84, 
number  of  cars.  Although  the  number  of  cars  must,  of 
•se,  be  a  whole  number,  the  computation  of  the  relative 
•ugh  and  pusher  grades  requires  that  we  use  the  fractional 
iber.    The  tractive  resistance  of  the  19.84  cars  and  caboose 

2  [(19.84X70)  +  12]  +  (122X20.84)  =5624.     The  force  avail- 
for  grade  is  35419-5624  =  29795.     The  tonnage  on  the 

le  engine  grade  is  157.5  (engine)  plus  19.84X70  =  1388.8 
1  cars),  plus  12  (caboose),  or  1558.3  tons.  29795 -J- 1558.3 
).12  lbs.  per  ton,  which  is  the  grade  resistance  for  a  0.956% 
le.  This  means  that  the  through  grade  can  be  made  0.956% 
the  corresponding  pusher  grade  may  be  1.9%.  If  the  same 
)lem  is  worked  out  on  the  basis  of  some  other  type  of  engine, 
ch,  perhaps,  weighs  considerably  less,  very  nearly  the  same 
)Ugb  grade  to  correspond  with  the  pusher  grade  will  be 
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obtained.  The  above  combination  o(  unit  car  wei(^t8  z 
worked  as  19  coal  cars  and  a  caboose  and  have  a  cona 
margin  of  imused  power.  A  different  combination 
weights  would  use  up  the  power  with  less  or  no  margin, 
any  case  the  computation  of  the  corresponding  lower  gr 
the  computation  of  an  allowable  pusher  grade  on  the  1 
a  given  through  grade,  should  be  made  by  using  a  fin 
nimiber  of  cars. 

Since  the  pusher  engine  service  is  intermittent,  and  m 
working  at  full  power  for  much  less  than  half  the  tim 
practicable  for  the  fireman  to  feed  coal  faster  than  the  at 
of  4000  lbs.  of  coal  per  hour  while  gcnng  up  the  pusher 
The  above  computation  was  made  on  the  baaiB  of  powi 
duction  at  the  4000-lb.  rate.     In  §  457,  it  is  shown  that  ii 
ing  the  rate  of  coal  consumption  increases  the  value  of  J 
conversely  when  the  locomotive  is  run  at  a  velocsity  fees  t 
the  tractive  power  is  increased,  although  the  increaae 
proportionately  small.     Increasing  the  tractive  power 
pusher  engine  will  increase  the  number  of  oars,  although  pt 
not  as  much  as  one  car.    Then  the  increase  in  oar  numb 
increase  the  computed  resistance  and  decftaae  the  amount 
able  for  grade.    This  decreased  amount  is  divided  by 
creased  number  of  tons  and  the  amount  of  available  for 
per  ton  is  less  and  the  computed  thit>u§^  grade  is  leas. 
sidering  the  very  sUght  and  disproportionate  difference  mi 
increasing  the  rate  of  coal  consumption  beyond  the  41 
standard,  it  is,  perhaps,  wisest  to  make  the  ratio  of  the  i 
on  the  l)asis  of  engines  of  equal  power. 

525.  Two-pusher  grades.  It  may  happen,  although  i 
that  three  systems  of  ruling  grades  may  be  necooaary  t 
division,  which  may  be  so  balanced  that  one  unbroken  ti 
handled  with  equal  facility  on  through  grades  with  one  e 
on  one-pusher  grades  with  two  engines  and  on  twoi 
grades  with  three  engines.  The  relation  of  these  three  1 
may  be  computed  on  the  same  principles  as  are  used  aboff 

526.  Operation  of  pusher  engines.  The  Tn^'giiYi^im  ^ 
in  operating  pusher  engines  is  obtained  when  the  puaher  1 
is  kept  constantly  at  work,  and  this  is  facilitated  wiien  the] 
grade  is  as  long  as  possible,  i.e.,  when  the  heavy  gmdas  ■ 
great  bulk  of  the  difference  of  elevation  to  be  Burmaai 
at  one  place.     For  example,  a  pusher  grade  of  thne  nA 
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lowed  by  a  comparatively  level  stretch  of  three  miles  and  then 
by  another  pusher  grade  of  two  miles  cannot  all  be  operated  as 
cheaply  as  a  continuous  pusher  grade  of  five  miles.  Either 
the  two  grades  must  be  operated  as  a  continuous  grade  of  eight 
miles  (sixteen  pusher  miles  per  trip)  or  else  as  two  short  pusher 
grades,  in  which  case  there  would  be  a  very  great  loss  of  time 
and  a  difficulty  in  so  arranging  the  schedules  that  a  train  need 
not  wait  for  a  pusher  or  the  pushers  need  not  waste  too  much 
time  in  idleness  waiting  for  trains.  If  the  level  stretch  were 
imperative,  the  two  grades  would  probably  be  operated  as  one, 
but  an  effort  should  be  made  to  bring  the  gradej^  together.  It 
is  not  necessary  to  bring  the  trains  to  a  stop  to  uncouple  the 
pusher  engine,  but  a  stop  is  generally  made  for  coupUng  on,  and 
the  actual  cost  in  loss  of  energy  and  in  wear  and  tear  of  stopping 
and  starting  a  heavy  train  is  as  great  as  the  cost  of  running 
an  engine  light  for  several  miles. 

There  are  two  ways  in  which  it  is  possible  to  economize  in 
\he  use  of  pusher  engines,  (a)  When  the  traffic  of  a  road  is 
so  very  light  that  a  pusher  engine  will  not  be  kept  reasonably 
busy  on  the  pusher  grade  it  may  be  worth  while  to  place  a 
siding  long  enough  for  the  longest  trains  both  at  top  and  bottom 
of  the  pusher  grade  and  then  take  up  the  train  in  sections. 
Perhaps  the  worst  objection  to  this  method  is  the  time  lost 
while  the  engine  runs  the  extra  mileage,  but  with  such  very 
light  traffic  roads  a  little  time  more  or  less  is  of  small  consequence. 
On  light  traffic  roads  this  method  of  surmounting  a  heavy  grade 
will  be  occasionally  adopted  even  if  pushers  are  never  used. 
If  the  traffic  is  fluctuating,  the  method  has  the  advantage 
of  only  requiring  such  operation  when  it  is  needed  and  avoiding 
the  purchase  and  operation  of  a  pusher  engine  which  has  but 
little  to  do  and  which  might  be  idle  for  a  considerable  proportion 
of  the  year.  (6)  The  second  possible  method  of  economizing 
is  only  practicable  when  a  pusher  grade  begins  or  ends  at  or 
near  a  station  yard  where  switching-engines  are  required.  In 
such  cases  there  is  a  possible  economy  in  utilizing  the  switching- 
engines  as  pushers,  especially  when  the  work  in  each  class  is 
small,  and  thus  obtain  a  greater  useful  mileage.  But  such  cases 
are  special  and  generally  imply  small  traffic. 

A  telegraph-station  at  top  and  bottom  of  a  pusher  grade  is 
generally  indispensable  to  effective  and  safe  operation. 

527.  Length  of  a  pusher  grade.    The  virtual  length  of  the 
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pusher  grade,  as  indicated  by  the  mileage  of  the  pusber  ezigme^ 
is  always  somewhat  in  excess  of  the  true  length  of  the  gnuk 
as  shown  on  the  profile,  and  sometimes  the  excess  length  ■ 
very  great.  If  a  station  is  located  on  a  lower  grade  within  a 
mile  or  so  of  the  top  or  bottom  of  a  pusher  grade,  it  will  ordinft* 
rily  be  advisable  to  couple  or  uncouple  at  or  near  the  statuii, 
since  the  telegraphnstation,  switching,  and  signaling  may  be 
more  economically  operated  at  a  regular  station.  If  the  extn 
engine  is  coupled  on  ahead  of  the  through  engine  (as  is  some- 
times required  by  law  for  passenger  trains)  the  uncoupUng  at 
the  top  of  the  grade  may  be  accomplished  by  running  the  assist- 
ant engine  ahead  at  greater  speed  after  it  is  uncoupled,  and, 
after  running  it  on  a  siding,  clearing  the  track  for  tLe  tiain. 
But  this  requires  considerable  extra  track  at  the  top  of  the  gradSi 
Therefore,  when  estimating  the  length  of  the  pusher  gradp, 
the  most  desirable  position  for  the  terminal  sidings  must  be 
studied  and  the  length  determined  accordin^y  rather  thai 
by  measuring  the  mere  length  of  the  grade  on  the  profile.  Of 
course  these  odd  distances  are  always  excess;  the  coupling  or 
uncoupling  should  not  l)e  done  while  on  the  grade. 

528.  The  cost  of  pusher-engine  service.  Whoi  we  analjN 
the  elements  of  cost,  we  will  find  that  many  of  them  are  dependent 
only  on  time,  while  others  are  dependent  upon  mileage.  Stil 
others  are  dependent  on  both.  Very  much  will  depend  on  tin 
constancy  of  the  service,  and  this  in  tmn  depends  on  the  tnm 
schedule  and  on  a  variety  of  local  conditions  which  must  be 
considered  for  each  particular  case.  The  effect  of  a  pasho^ 
engine  on  maintenance  of  way  may  be  considered  on  the  faaaiB 
that  an  engine  is  resi>onsible  for  one-half  of  the  deterioration  of 
maintenance  of  way  and  structures,  and,  therefore,  one-half  of 
the  percentage  of  the  first  19  items  in  Table  XLI  or  0.06%  of 
the  average  cost  of  a  train-mile  will  be  considered  as  fthi^Tgf^hh 
for  each  mile  of  pusher  engine  service.  Although  the  cost  of 
repairs  and  renewals  of  engines  is  evidently  a  function  of  tka 
mileage,  and  would  therefore  be  somewhat  less  for  a 
engine  which  did  little  work  than  for  an  engine  which 
worked  to  the  limit  of  its  capacity,  yet  it  is  only  safe  to 
the  same  allowance  as  for  other  engines.  Other  items  of 
tenance  of  equipment  are  evidently  to  be  ignored.  The  item  of 
wages  of  enginemen  will  evidently  depend  upon  the 
employed  on  the  particular  road.    Whatever  the  preeiaa 
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Item 
number. 


1-19 
2r>-27 
80,  81 

82-85 
90.91,94 


Item  (abbreviated). 


Track  material,  labor,  bridges. .  .  . 

Steam  locomotives 

Road  enginemen  and  engine-house 

expenses 

Fuel  and  other  engine  supplies .... 
Signaling,  flagmen,  and  telegraph. . 


Normal 
average. 


18.12% 
9.24 

8.12 

11.27 

1.21 


Per  cent 
affected. 


50 
100 

100 
100 
100 


Cost  per 

en^ne 

mile, 

per  cent. 


9.06 
9.24 

8.12 

11.27 

1.21 


38.90 


the  general  result  is  to  pay  the  enginemen  as  much  in  wages 
as  the  average  payment  for  regular  service,  and  therefore  the 
full  allowance  for  Item  SO  will  be  made.  Similarly  we  must 
allow  the  full  cost  of  the  items  for  engine  supplies.  While  the 
engine  is  doing  its  heavy  work  in  climbing  up  the  grade,  the 
consumption  of  fuel  and  water  is  certainly  greater  than  the 
average;  but,  on  the  other  hand,  on  the  return  trip,  when  the 
engine  is  running  light,  it  probably  runs  for  a  considerable  por- 
tion of  the  distance  actually  without  steam,  and  therefore  the 
consumption  of  fuel  and  water  will  nearly,  if  not  quite,  average 
the  consumption  for  an  engine  running  up  and  down  grade 
along  the  whole  line.  That  portion  of  fuel  consumption  which 
is  due  to  radiation,  blowing-off  steam,  and  the  n:any  other 
causes  previously  enumerated,  will  be  the  same  regardless  of 
the  work  done.  We  therefore  allow  100%  for  all  of  these  items 
of  engine  supplies.  In  general  we  must  add  100%  for  Items  90, 
91,  and  94,  the  cost  of  switchmen  and  telegraphic  service.  While 
there  might  be  cases  where  there  would  be  no  actual  addition 
to  the  pay-roUs  or  the  operating  expenses  on  accoimt  of  these 
items,  we  are  not  justified  in  general  in  neglecting  to  add  the 
full  quota  for  such  service.  Collecting  these  items  we  will  have 
38.90%  of  the  average  cost  of  a  train-mile  for  the  cost  of  each 
mile  run  by  the  pusher  engine.  On  the  basis  that  the  average 
cost  of  a  train  mile  is  $1.60,  the  cost  of  one  mile  of  pusher  engine 
service  would  be  .3890  X$  1.60  =  62.24  cents.  Assume  that  the 
pusher  engine  grade  is  five  miles  long  but  that  the  engine  actually 
runs  1 1  miles  on  a  round  trip  and  that  it  makes  5  roimd  trij>s  or 
55  miles  per  day.  Then  the  daily  cost  would  be  .6224X55  = 
$34.23  per  day.    Probably  $25  to  $30  per  day  should  be  charged 
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up  even  if  the  mileage  did  not  amount  to  as  much,  siiice 
the  items  in  the  cost  of  service  are  largely  independent  of  mil 
On  the  other  hand  the  i)usher  engine  service  renders  unneoe 
the  extra  trains  which  would  have  been  required  to  handli 
trafhc  with  one  engine  over  the  steeper  grades.  The  oo 
these  must  be  computed  for  each  particular  case. 


BALANCE    OF    GRADES   FOR   TTNEQUAL   TRAFFIC. 

I 

i         y'^529.  Nature  of  the  subject.    It  sometimes  happens,  as 

V.-^  road  runs  into  a  mountainous  country  for  the  purpo 

hauling  therefrom  the  natural  products  of  lumber  or  mini 

that  the  heavy  grades  are  all  in  one  direction — ^that  the  1 

line  consists  of  a  more  or  less  unbroken  climb  having  pa 

a  few  comparatively  level  stretches,  but  no  down  grade  (e: 

possibly  a  slight  sag)  in  the  direction  of  the  general  up  g 

With  such  Hues  this  present  topic  has  no  concern.     Bui 

majority  of  railroads  have  termini  at  nearly  the  same 

(500  feet  in  500  miles  has  no  practical  effect  on  grade) 

consist  of  up  and  down  grades  in  nearly  equal  amounts 

rates.     Tlie  general  rate  of  ruling  grade  is  determined  h} 

character  of  the  country  and  the  character  and  financial  bai 

of  the  road  to  be  built.     It  is  always  possible  to  reduce  the  { 

at  some  point  by  "development"  or  in  general  by  the  ei 

diture  of  more  money.     It  has  been  tacitly  assumed  in 

previous  discussions  that  when  the  ruling  grade  has  beei 

tcrmined  all  grades  in  either  direction  are  cut  down  to 

limit.    If  the  trafTic  in  both  directions  were  the  same  this  n 

be  the  proper  policy  and  sometimes  is  so.    But  it  has  develc 

especially  on  the  great  east  and  west  trunk  lines,  that  the  m 

of  the  eastbound  freight  traffic  is  enormously  greater  fhtm 

of  the  westbound — that  westbound  trains  consist  very  large 

"empties"  and  that  an  engine  which  could  haul  twenty  lo 

cars  up  a  given  grade  in  eastbound  traffic  could  haul  tiie  f 

cars  empty  up  a  much  higher  grade  when  running 

an  illustration  of  the  large  disproportion  which  may 

eastbound  ton-mileage  on  the  P.  R.  R.  between  the 

and  1885  was  3.7  times  the  westbound  ton-mileage.-    Beti 

the  years  1876  and  1880  the  ratio  rose  to  more  than  4M  i 

On  such  a  basis  it  is  as  important  and  necessary  to  6btaill| 

a  0.6%  ruling  grade  against  the  eastbound  traffic  aa  toll 
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say,  a  1.0%  grade  against  the  westbound  traffic.     This  is  the 

^-  basis  of  the  following  discussion.     It  now  remains  to  estimate 

*^  the  probable  ratio  of  the  traffic  in  the  two  directions  and  from 

^  that  to  determine  the  proper  "balance"  of  the  opposite  ruling 

'  grades. 

^      530.  Computation  of  the  theoretical  balance.    Assume  first, 

for  simplicity,  that  the   exact  business  in  either  direction   is 

accurately  known.     A  little  thought  will  show  the  truth  of  the 

.;    following  statements. 

1.  The  locomotive  and  passenger-car  traffic  in  both  directions 

-  is  equal. 

r  2.  Except   as  a  road  may  carry  emigrants,  the  passenger 

^-  traffic  in  both  directions  is  equal.     Of  course  there  are  innumer- 

^'  able  individual  instances  in  which  the  return  trip  is  made  by 

t  another  route,  but  it  is  seldom  if  ever  that  there  is  any  marked 

*  tendency  to  uniformity  in  this.     Considering  that  a  car  load 

->  of,  say,  50  passengers  at  150  pounds  apiece  weigh  but  7500 
pounds,  which  is  -^  of  the  75000  pounds  which  the  car  riaay 

^  weigh,  even  a  considerable  variation  in  the  number  of  passengers 

:5  will  not  appreciably  affect  the  hauling  of  cars  on  grades.     On 

•'  parlor-cars  and  sleepers  the  ratio  of  live  load  to  dead  load  (say 

'^  20  passengers,  3000  pounds,  and  the  car,  125000  pounds)  is 

-  even  more  insignificant.  The  effect  of  passenger  traffic  on 
balance  of  grades  may  therefore  be  disregarded. 

'        3.  Empty  cars  have  a  greater  resistance  per  ton  than  loaded 

'•  cars.  Therefore  in  computing  the  hauling  capacity  of  a  loco- 
motive hauling  so  many  tons  of  "  empties,"  a  larger  figure  must 
be  used  for  the  ordinary  tractive  resistances — say  four  pounds 

^    per  ton  greater. 

4.  Owing  to  greater  or  less  imperfections  of  management  a 
small  percentage  of  cars  will  run  empty  or  but  partly  full  in 

^     the  direction  of  greatest  traffic. 

'  5.  Freight  having  great  bulk  and  weight  (such  as  grain^ 
lumber,  coal,  etc.)  is  run  from  the  rural  districts  toward  the 

'     cities  and  manufacturing  districts. 

6.  The  return  traffic — manufactured  products — although  worth 

'     as  much  or  more,  do  not  weigh  as  much. 

As  a  simple  numerical  illustration  assume  that  the  weight 
of  the  cars  is  J  and  the  live  load  J  of  the  total  load  when 
the  cars  are  "full" — although  not  loaded  to  their  absolute 
limit  of  capacity.    Assume  that  the  relative  weight  of  live  load 
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to  be  hauled  in  the  other  direction  is  but  };  aasume  that  tiie 
grade  against  the  heaviest  traffic  is  0.9%.  Since  the  tractivB 
resistance  per  ton  is  considerably  greater  in  the  case  of  imlnaufad 
cars  than  it  is  in  the  case  of  loaded  cars,  allowance  must  be 
made  for  this  in  calculating  the  train  resistance.  AaBnnning 
the  use  of  the  Mikado  locomotive  described  in  §  453,  its  nting 
on  a  0.9%  grade,  see  §  467,  equals 

0K7KQ 
A  =  Q^q^^^- 315,000 =3,230,000  =  1615  tons,  the  "  rathig." 

Call  TTe  the  total  weight,  live  and  dead,  of  the  cans  in  an  m^ 
hound  train,  ofidW^  the  corresponding  weight  for  a  west-bomii 
train.  F^  and /^V  ^^^  ^he  weights  of  live  freight;  to  the  dad 
weight  of  a;  car,  which  for  simplicity  is  considered  in  this  cob 
to  be  imifpn|ily  s^  100,000-lb.  capacity  car,  weighing  20  toM 
or  40,000  I  lbs.  The  problem  assumes  that  Fy^^^F^  Ita 
WYr  =  iFE^nw, 

We  =  16l)s-6.0  n    (for  a  0.9%  grade— see  Table  XL,  1 467). 

By  trial,  it  is  found  that  for  n=24,  TTb^^  1615—144-1471, 
which  means  a  total  weight  of  61.3  tons  per  car,  or  a  net  lotd 
of  41.3  tons  or  82,600  lbs.  live  load  per  car.  This  fulfils  the  00a- 
dition  that  the  live  load  is  }  of  the  total  load  as  nearly  as  poariUe 
for  an  even  number  of  car  loads,  i  of  41.3  tons,  or  13.8  toa^ 
plus  20  tons,  gives  an  average  load  of  33.8  tons  per  car  for  welt* 
bomid  trains,  and  for  a  train  of  24  cars =811.2  tons  per  tna^ 
or  1,622,400  lbs.     Substituting  in  Eq.  122,  §  467, 

^^^-315,000  =  1,622,400+24^-^^^. 

Solving,  r  =  .0169,  or  a  1.69%  grade,  which,  under  the  a&sN 
assu7nptio7is  and  condiiions^  is  the  grade  on  which  the  gjwi 
type  of  lo(;omotive  rould  handle  one-third  of  the  live  load  iriikk 
could  be  liauled  up  a  0.9^o  grade,  in  the  same  number  of  an, 
by  that  same  locomotive.  It  is  interesting  to  note  that  the  soh- 
tion  of  this  problem,  given  in  a  previous  edition,  using  a  man 
approximate  method,  and  based  on  the  use  of  a  much  KfJ»** 
consolidation  locomotive,  weighing  only  107  tons,  gave  l.flO% 
as  the  grade  corresponding  to  0.9%  against  east  bound  tnflic. 
This  substantial  agreement,  in  spite  of  the  difference  in  Qpontag 
conditions,  shows  the  substantial  accuracy  of  the  method  for 
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the  solution  of  a  problem  fo^^  which  the  varying  conditions  of 
traffic  in  the  two  directibet^  render  useless  any  very  precise 
solution. 

Of  course  the  actual  traffic  in  the  two  directions,  and  their 
ratio,  will  vary  from  time  to  time,  and  the  actual  operation  of 
trains  will  vary  accordingly,  and  therefore  the  relation  of  ruling 
grades  in  the  two  directions,  for  maximum  efficiency  of  operation, 
will  fluctuate  accordingly,  while  the  ruling  grades,  once  estab- 
lished, are  practically  finalities.  Therefore  any  close  precision 
in  the  computation  of  these  relative  grades  is  useless.  '  Never- 
theless the  above  calculation  shows  unmistakably  that  under 
the  given  conditions,  a  very  considerable  variation  in  the  rate 
of  grade  in  opposite  directions  is  not  only  justifiable,  but  a  neglect 
to  allow  for  it  would  be  a  great  economic  error. 

531.  Computation  of  relative  traffic.  Some  of  the  principal 
elements  have  already  been  referred  to,  but  in  addition  ^he 
following  facts  should  be  considered. 

(a)  The  greatest  disparity  in  traffic  occurs  through  the  hand- 
ling of  large  amounts  of  coal,  lumber,  iron  ore,  grain,  etc.  On 
roads  which  handle  but  Uttle  of  these  articles  or  on  which  for 
local  reasons  coal  is  hauled  one  way  and  large  shipments  of 
grain  the  other  way  the  disparity  will  be  less  and  will  perhaps 
be  insignificant. 

(h)  A  marked  change  in  the  development  of  the  country  may, 
and  often  does,  cause  a  marked  difference  in  the  disparity  of 
traffic.  The  heaviest  traffic  (in  mere  weight)  is  always  toward 
manufacturing  regions  and  away  from  agricultural  regions.  But 
when  a  region,  from  being  purely  agricultural  or  mineral,  be- 
comes largely  manufacturing,  or  when  a  manufacturing  region 
develops  an  industry  which  will  cause  a  growth  of  heavy  freight 
traffic  from  it,  a  marked  change  in  the  relative  freight  movement 
will  be  the  result. 

(c)  Very  great  fluctuations  in  the  relative  traffic  may  be 
expected  for  prolonged  intervals. 

(d)  An  estimate  of  the  relative  traffic  may  be  formed  by  the 
same  general  method  used  in  computing  the  total  traffic  of  the 
road  (see  §  473,  Chapter  XIX)  or  by  noting  the  relative  traffic 
on  existing  roads  which  may  be  assiuned  to  have  practically 
the  same  traffic  as  the  proposed  road  will  obtain. 


/ 
CHAPTER  XXIV. 

THE  IMPROVEMENT  OP  OLD  LINES. 

532.  Classification  of  improvements.  TheimprovementalM 
considered  are  only  those  of  alignment — ^horiEontal  and  veitieri. 
Strictly  there  is  no  definite  limit,  either  in  kind  or  xnagnitiidi^ 
to  the  improvements  which  may  be  made.  But  since  a  nilmi 
cannot  ordinarily  obtain  money,  even  for  improvementii^  ti 
an  amount  greater  than  some  small  proportion  of  the  pi^^ 
\'ioiisly  invested  capital,  it  becomes  doubly  necessary  to  expoi 
such  money  to  the  greatest  possible  advantage.  It  has  bm 
previously  shown  that-  securing  additional  business  and  incnu- 
ing  the  train  load  arc  the  two  most  important  factors  in  inenn^ 
ing  dividends.  After  these,  and  of  far  less  importance,  torn 
reductions  of  curvature,  reductions  of  distance  (frequently  d 
doubtful  policy,  see  Chap.  XXI,  §  503),  and  elimination  of  up 
and  humps.  These  various  improvements  will  be  briefly  d»- 
cussed. 

(a)  Securing  additional  business.     It  is  not   often 
by  any  small  modification  of  alignment  to  materially 
the  business  of  a  road.     The  cases  which  do  occur  axe  UBlld|f 
those  in  which  a  gross  error  of  judgment  was  committed  doniK 
the  original  construction.     For  instance,  in  the  early  faMay 
of  railroad  construction  many  roads  were  largely  aid^  by  thi 
towns  through  which  the  road  passed,  part  of  the  money 
sary  for  construction  being  raised  by  the  sale  of  bonds, 
were  assumed  or  guaranteed  and  subsequently  paid  by  thi 
towns.     Such  aid  was  often  demanded  and  exacted  by  tti 
promoters.     Instances  are   not  unknown  where   a  falhne  li 
come  to  an  agreement  has  caused  the  promoters  to  deUbttifti^ 
pass  by  the  town  at  a  distance  of  some  miles,  to  the 
disadvantage  of  the  road  and  the  to^ATi.     If  the  towir 
ly  grew  in  spite  of  this  disadvantage,  the  annual       1  of- 
might  readily  amount  to  more  than  the  original  sum  in 
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Such  an  instance  would  be  a  legitimate  opportunity  for  study 
of  the  advisability  of  re-location. 

As  another  instance  (the  original  location  being  justifia- 
ble) a  railroad  might  have  been  located  along  the  bank  of  a 
considerable  river  too  wide  to  be  crossed  except  at  consider- 
able expense.  When  originally  constructed  the  enterprise  would 
not  justify  the  two  extra  bridges  needed  to  reach  the  town.* 
A  growth  in  prosperity  and  in  the  business  obtainable 
might  subsequently  make  such  extra  expense  a  profitable  invest- 
ment. 

(b)  Increasing  the  train  load.  On  account  of  its  importance 
this  will  be  separately  considered  in  §  536  et  seq. 

(c)  Reduction  in  curvature  and  distance  and  the  elimination 
of  sags  and  humps.  Such  improvements  are  constantly  being 
made  by  all  progressive  roads.  The  need  for  such  changes 
occurs  in  some  cases  because  the  original  location  was  very 
faulty,  the  revised  location  being  no  more  expensive  than  the 
original,  and  in  other  cases  because  the  original  location  was  the 
best  that  was  then  financially  possible  and  because  the  present 
expanded  business  will  justify  a  change. 

(d)  Changing  the  location  of  stations  or  of  passing  sidings. 
The  station  may  sometimes  be  re-located  so  as  to  bring  it  nearer 
to  the  business  center  and  thus  increase  the  business  done. 
But  the  principal  reasons  for  re-locating  stations  or  passing 
sidings  is  that  starting  trains  may  have  an  easier  grade  on  which 
to  overcome  the  additional  resistances  of  starting.  Such  changes 
will  be  discussed  in  detail  in  §  537. 

533.  Advantages  of  re-locations.  There  are  certain  undoubted 
advantages  possessed  by  the  engineer  who  is  endeavoring  to 
improve  an  old  line. 

(a)  The  gross  traffic  to  be  handled  is  definitely  known. 

(b)  The  actual  cost  per  train-mile  for  that  road  (which  may 
differ  very  greatly  from  the  average)  is  also  known,  and  therefore 
the  value  of  the  proposed  improvement  can  be  more  accurately 
determined. 

(c)  The  actual  performance  of  such  locomotives  as  are  used 
on  the  road  may  be  studied  at  leisure  and  more  reliable  data 
may  be  obtained  for  the  computations. 

534.  Disadvantages  of  re-locations.  The  disadvantages  are 
generally  more  apparent  and  frequently  appear  practically 
insuperable — more  so  than  they  prove  to  be  on  closer  inspection 
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(a)  It  frequently  means  the  abandonment  of  a  greater  or  ki 
length  of  old  line  and  the  construction  of  new  line.  At  fiii 
thought  it  might  seem  as  if  a  change  of  line  such  as  would  pmA 
an  increase  of  train-load  of  50  or  perhaps  100%  could  neffl 
be  obtained,  or  at  least  that  it  coXild  not  be  done  except  at  fl 
impracticable  expense.  On  the  contrary  a  change  of  lOJ 
of  the  old  line  is  frequently  all  that  is  necessary  to  reduce  th 
grades  so  that  the  train-loads  hauled  by  one  engine  nnj  b 
nearly  if  not  quite  doubled.  And  when  it  is  considered  tU 
the  cost  of  a  road  to  sub-grade  is  generally  not  more  than 
third  of  the  total  cost  of  construction  and  equipment  per  nd^ 
it  becomes  plain  that  an  expenditure  of  but  a  smAll  pc 
of  the  original  outlay,  expended  where  it  will  do  the  most  goo^ 
will  often  suffice  to  increase  enormously  the  earning  eapacilf. 

(b)  One  of  the  most  difficult  matters  is  to  convince  the 
cial  backers  of  the  road  that  the  proposed  improvement  vl 
be  justifiable.  The  cause  is  simple.  The  disadvantages  of  tk 
original  construction  lie  in  the  large  increase  of  certain  itH 
of  expense  which  are  necessary  to  handle  a  given  traffie.  Ail 
yet  the  fact  that  the  expenditures  are  larger  than  they  iMi 
be  are  only  apparent  to  the  expert,  and  the  fact  that  tf 
may  be  made  is  considered  to  be  largely  a  matter  of 
until  it  is  demonstrated  by  actual  trial.  On  the  other  fanl 
the  cost  of  the  proposed  changes  is  definite,  and  the  very  M 
that  the  road  has  been  imeconomically  worked  and  is  in  a  poff 
financial  condition  makes  it  difficult  to  obtain  money  for  ifr 
provements. 

(c)  The  legal  right  to  abandon  a  section  oi  operated  fat 
and  thus  reduce  the  value  of  some  adjoining  property  ki 
sometimes  been  successfully  attacked.  A  common  inflkHM 
would  be  that  of  a  factory  which  was  located  adjoining  the  i^ 
of  way  for  convenience  of  transportation  facilities.  The  •t^***!*^ 
ment  of  that  section  of  the  right  of  way  would  probably  be  bti 
to  the  successful  operation  of  the  factory.  The  objectian  wtf 
be  largely  eliminated  by  the  maintenance  of  the  old  li^  rf ' 
way  as  a  long  siding  (although  the  business  of  the  f  actoiy  a^ 
not  be  worth  it),  but  it  is  not  always  so  easy  of  aaliitiiQi^  id 
this  phase  of  the  question  must  always  be  considered. 
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^tEDUCTION   OF  VIRTUAL   GRADE. 

535.  Obtaining  data  for  computations.  As  developed  in  the 
last  chapter  (§§  515-517)  the  real  object  to  be  attained  is  the 
reduction  of  the  virtual  grade.  The  method  of  comparing  grades 
under  various  assumed  conditions  was  there  discussed.  When 
the  road  is  still  "on  paper"  some  such  method  is  all  that  is 
possible;  but  when  the  road  is  in  actual  operation  the  virtual 
grade  of  the  road  at  various  critical  points,  with  the  rolling 
stock  actually  in  use,  may  be  determined  by  a  simple  test  and 
the  effect  of  a  proposed  change  may  be  reliably  computed. 
Bearing  in  mind  the  general  principle  that  the  virtual  grade 
line  is  the  locus  of  points  determined  by  adding  to  the  actual 
grade  profile  ordinates  equal  to  the  velocity  head  of  the  train, 
it  only  becomes  necessary  to  measure  the  velocity  at  various 
points.  Since  the  velocity  is  not  usually  uniform,  its  precise 
determination  at  any  instant  is  almost  impossible,  but  it  will 
generally  be  found  to  be  sufficiently  precise  to  assume  the  velocity 
to  be  uniform  for  a  short  distance,  and  then  observe  the  time 
required  to  pass  that  short  space.  Suppose  that  an  ordinary 
watch  is  used  and  the  time  taken  to  the  nearest  second.  At 
30  railes  per  hour,  the  velocity  is  44  feet  per  second.  To  obtain 
the  time  to  within  1%,  the  time  would  need  to  be  100  seconds 
and  the  space  4400  feet.  But  with  variable  velocity  there 
would  be  too  great  error  in  assuming  the  velocity  as  uniform 
for  4400  feet  or  for  the  time  of  100  seconds.  Using  a  stop- 
watch registering  fifths  of  a  second,  a  1%  accuracy  would 
require  but  20  seconds  and  a  space  of  880  feet,  at  30  miles  per 
hour.  Wellington  suggests  that  the  space  be  made  293  feet 
4  inches,  or  -^^  of  a  mile;  then  the  speed  in  miles  per  hour 
equals  200 -^s,  in  which  s  is  the  time  in  seconds  required  to 
traverse  the  293'  4".  For  instance,  suppose  the  time  required 
to  pass  the  interval  is  12.5  seconds.  j\  mile  in  12.5  seconds  =» 
one  mile  in  2C5  seconds,  or  16  miles  per  hour.  But  likewise 
200 -^  12.5  =1G,  the  required  velocity.  The  following  features 
should  be  noted  when  obtaining  data  for  the  computations: 

(a)  All  critical  grades  on  the  road  should  be  located  and 
their  profiles  obtained — by  a  survey  if  necessary. 

(b)  At  the  bottom  and  top  of  all  long  grades  (and  perhaps  at 
intermediate  points  if  the  grades  are  very  long)  spaces  of  known 
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length  (preferably  293  J  feet)  should  be  measured  off  and 
by  flags,  painted  boards,  or  any  other  serviceable  taigeta. 

(c)  Provided  with  a  stop-watch  marking  fifths  of 
the  observer  should  ride  on  the  trains  affected  by  thuoc  gntA 
and  note  the  exact  interval  of  time  required  to  pass  these 
If  the  space  is  293^  feet,  the  velocity  in  miles  per  hour  *2004 
interval  in  seconds.    In  general,  the  velocity  in  mHea  per  bo^ 

,^     distance  in  feet  X  3600 
"time  in  seconds  X  5280' 

(d)  Since  these  critical  grades  are  those  wliich  require  th 
greatest  tax  on  the  power  of  the  locomotive^  the  mndHwff 
under  which  the  locomotive  is  working  must  be  known—Uv 
the  steam  pressure,  point  of  cut-off,  and  position  of  the  thnttk 
Economy  of  coal  consumption  as  well  as  efficient  worim^  4 
high  speeds  requires  that  steam  be  used  expansively  (uaiaf  < 
early  cut-ofT),  and  even  that  the  throttle  be  partly  dooed;  bri 
when  an  engine  is  slowly  climbing  up  a  maximum  grade  vitkft 
full  load  it  is  not  exerting  its  maximum  tractive  powi 
it  has  its  maximum  steam  pressure,  wide-open  throttle,  and  ■ 
cutting  ofT  nearly  at  full  stroke.  These  data  must  tiienfM 
be  obtained  so  as  to  know  whether  the  engine  is  devoiopm 
at  a  critical  place  all  the  tractive  force  of  which  it  is  capiiUiL 
The  condilion  of  the  track  (wet  and  slippery  or  dry)  aiid  til 
approximate  direction  and  force  of  the  wind  should  be  nofari 
with  suflicicnt  accuracy  to  judge  whether  the  test  has  been  insdl 
under  ordinar}-  conditions  rather  than  under  conclitions  i^iA 
are  exceptionally  favorable  or  unfavorable. 

(e)  The  train-loading  should  be  obtained  as  dlosely  as  poBBfin 
Of  course  the  dead  weight  of  the  cars  is  easily  found,  and  tl* 
records  of  the  freight  department  Avill  usually  give  tht  Ini 
load  with  all  sufiicient  accuracy. 

536.  Use  of  the  data  obtained.  A  very  brief  impofiitr 
of  the  results,  freed  from  refined  calculations  or  unoexteintii^ 
will  damoastrate  the  following  truths: 

(a)  If,  on  a  uniform  grade,  the  velocity  inrmnnoo^  it  ahpif 
that,  under  those  conditions  of  engine  working^  the  load  mIm 
than  the  engine  can  handle  on  that  grade 

(Jb)  If  the  velocity  decreases,  it  shows  that  the  kM^  is, 
than  the  engine  can  handle  on  an  indefinite  lei    ftlk  |)f. 
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rra4e.  It  shows  that  Buch  a  grade  is  being  operated  by  momen- 
i;im.  Frcm  the  rate  of  decrease  of  velocity  the  maximum 
>racticable  length  of  such  a  grade  (starting  with  a  given  velocity) 
nay  be  easily  computed. 

(c)  By  combining  results  under  different  conditions  of  grade 
)ut  with  practically  the  same  engine  working,  the  tractive 
power  of  the  engine  may  be  determined  (according  to  the  prin- 
nples  previously  demonstrated)  for  any  grade  and  velocity. 
For  example:  On  an  examination  of  the  profile  of  a  division 
)f  a  road  the  maximum  grade  was  found  to  be  1.62%  (85.54 
■eet  per  mile).  At  the  bottom  and  near  the  top  of  this  grade 
•jWO  lengths  of  293'  4"  are  laid  off.  The  distance  between  the 
centers  of  these  lengths  is  6000  feet.  A  freight  train  moving 
jp  the  grade  is  timed  at  9f  seconds  on  the  lower  stretch  and  7J 

seconds  on  the  upper.     These  times  correspond  to  -p—-  and  s— s 

9.4  7.0 

:>r   21.3  and  26.3  miles  per  hour  respectively.     It  is  at  once 

Dbserved  that  the  velocity  has  increased  and  that  the  engine 

30uld  draw  even  a  heavier  load  up  such  a  grade  for  an  indefmite 

distance.     How  much  heavier  might  the  load  be? 

For   simplicity   we   will  assume   that    the   conditions   were 

normal,  neither  exceptionally  favorable  nor  unfavorable,  and 

that  the  engine  was  worked  to  its  maximum  capacity.     The 

sngine   is  a   "consolidation"   weighing   128700    pounds,   with 

112600  pounds    on  the  drivers.      The  train-load  behind   the 

engine  consists  of  ten  loaded  cars  weighing  465  tons  and  eleven 

empties  weighing  183  tons,  thus  making  a  total  train- weight  of 

712  tons.     Appl)dng  Eq.  106,  we  find  that  the  additional  force 

which  the  engine  has  actually  exerted  per  ton  in  increasing  the 

velocity  from  21.3  to  26.3  miles  i)er  hour  in  a  distance  of  6000 

feet  is 

70 
P  =  g^(26.32-21.32)  =2.78  pounds  per  ton. 

The  grade  resistance  on  a  1.62%  grade  is  32.4  pounds  per  ton. 
The  average  train  resistance  may  be  computed  from  §§  429 
and  439. 

Engine  resistance,  at  say  8  m.p.h.  (§  429)      =1615  lbs. 
Cars  resistance,  (648X2.2) +  (21X122)  =3988  lbs. 


Total  tractive  resistance  on  level  =5603  lbs. 
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Tlie  average  tractive  resistance  is  therefore  6603 -f*  712  "TiJ 
pounds  per  ton.  Adding  the  grade  resiBtaiioe  (32.4)  we  hni 
a  total  train  resistance  of  40.27  pounds  per  ton.  Bat^  eos- 
puting  from  the  increase  in  velocity,  the  locomotive  is  evidenti|f 
exerting  a  pull  of  2.78  pounds  per  ton  in  exeesB  of  the  computai 
required  pull  on  that  grade,  or  a  total  pull  of  43.05  pamk 
per  ton.  Therefore  the  train  load  might  have  been  inuo— d 
proportionately  and  might  have  been  made 

^10x^2.78+4027    -^,^ 
712X — ^"27 — =761  tons. 

This  shows  that  49  tons  additional  might  have  been  loM 
on  to  the  train,  or  say,  three  more  empties  or  one  additw"* 
loaded  car. 

A  pull  of  43.05  pounds  per  ton  means  a  total  adhfision  aft  tb 
drivers  of  30,652  pounds,  which  is  about  27%  of  the  wei|^  (i 
the  drivers — 112,600  pounds.  This  indicates  avi 
tions  as  to  traction,  and  as  good  as  can  be  depended  OB  flv  j 
regular  service. 

The  above  calculation  should  of  course  be  considefed 
as  a  **  single  observation.''  The  performance  of  the  aame 
on  the  same  grade  (as  well  as  on  many  other  grades)  on 
ing  days  should  also  be  noted.  It  may  readily  happen  ttii| 
variations  in  the  condition  of  the  track  or  of  the  hlmtf^l|^^g  of  4t| 
engine  may  make  considerable  variation  in  the  resultB  ef  iM] 
several  calculations,  but  when  the  work  k  properly  done  fiB\ 
always  possible  to  draw  definite  and  very  positive 

537.  Reducing  the  starting  grade  at  stations.  The 
to  starting  a  train  is  augmented  from  two  causes:  (a)  the 
tive  resistances  are  usually  about  20  pounds  per  ton  innttii  t( 
say,  6  pounds,  and  (5)  the  inertia  resistance  must  be  rj  uuiW 
The  inertia  resistance  of  a  freight  train  (see  §  435)  whisk  ii 
expected  to  attain  a  velocity  of  15  miles  per  hour  m  a  dwiti— 
of  1000  feet  is  (see  Eq.  140) 

70 
P=  jqqq(15*— 0)  =  15.8  pounds  per  ton, 

which  is  the  equivalent  of  a  0.79%  grade.  Adding  tl^V  to  a  piii 
which  nearly  or  quite  equals  the  ruling  grade,  it  virtually  enataift 
new  and  higher  ruling  grade.  Of  course  that  add!  uJ  foneoi 
be  greatly  reduced  at  the  expense  of  slower  accei       ;cii  o,  but  Cfftt  j 
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this  cannot  be  done  indefinitely,  and  an  acceleration  to  only 
15  miles  per  hour  in  1000  feet  is  as  slow  as  should  be  allowed 
for.  With  perhaps  14  pounds  per  ton  additional  tractive 
resistance,  we  have  about  30  pounds  per  ton  additional— equiva- 
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lent  to  a  1.5%  grade.  Instances  are  known  where  it  has  proven 
wise  to  create  a  hump  (in  what  was  otherwise  a  uniform  grade) 
at  a  station.  The  effect  of  this  on  high-speed  passenger  trains 
moving  up  the  grade  would  be  merely  to  reduce  their  speed 
wery  sUghtly.  No  harm  is  done  to  trains  moving  doum  the 
grade.  Freight  trains  moving  up  the  grade  and  intending  to 
stop  at  the  station  will  merely  have  their  velocity  reduced  as 
they  approach  the  station  and  will  actually  save  part  of  the 
wear  and  tear  otherwise  resulting  from  applying  brakes.  When 
the  trains  start  they  are  assisted  by  the  short  down  grade, 
just  where  they  need  assistance  most.  Even  if  the  grade  CD 
is  still  an  up  grade,  the  pull  required  at  starting  is  less  than  that 
required  on  the  uniform  grade  by  an  amount  equal  to  20  times 
the  difference  of  the  grade  in  per  cent. 


CHAPTER  XXV. 

STRESSES  IN  TRACK. 

538.  Nature  of  the  subject.  The  character  and  amount  d 
the  stresses  in  the  rails,  rail  fastenings  and  ties,  Which  make  up 
the  track,  and  the  intensity  and  distribution  of  the  piiawui 
which  is  transmitted  by  the  ties  through  the  ballast  and  eifabut 
ment  to  the  subsoil,  have  long  been  a  subject  of  investigatioalv 
railroad  engineers.  The  complexity  of  the  subject  is  too  fftti 
for  a  dependence  on  mere  theoretical  analysis.  Eiveir  e^Mtf 
mental  work  must  be  so  elaborate  that  no  one  person  or.  nrfP 
individual  railroad  have  hitherto  obtained  concluaiye  iwoh 
except  upon  isolated  details. 

In  1913,  a  committee  was  appointed  by  the  Amer.  Rwy.  Bi^ 
Assoc,  who  cooperated  with  a  similar  committee  afipaintfld  Iv , 
the  Amer.  Soc.  of  Civil  Engineers.    Both  sooietiieB  i^ipropoitai] 
money  for  the  large  expenses  involved.    Several  xailroadB  i^  | 
operated  by  furnishing  facilities  for  experimental  woik.     SbvoI 
steel-rail  corporations  contributed  funds.    Special  im^ 
were  designed  for  experimental  use.    After  five .  yean  of  mI|  , 
a  progress  report,  covering  184  pages,  was.  made  to  the  mil 
convention  of  the  Amer.  Rwy.  Eng.  Assoc.     The  flBGdiid  |li> 
gross  report  (170  pp.)  was  made  to  the  1920  caaveutiDii.    fli 
investigation  is  not  yet  (1921)  complete.    But  from  thflSBtit! 
voluminous  reports,  which  indicate  the  magnitude  of  the  ptfk" 
1cm,  the  following  very  condensed  siunmary  has  hoea  wnMijjJ. , 
The  thoroughness  of  the  investigation  is  indicated  fay  the  U 
that  the  number  of  observations  for  rail  strain  only,  iniyl^  nUl 
recorded  and  reduced,  and  on  which  the  first  progress  np^\ 
was  partly  based,  is  more  than  250,000.    The  conclusioiifl^ 
can  be  drawn  from  the  tests  made,  have  already  had  tbnr 
in  modifying  track  construction,  and  will  probably  haie 
greater  effect  when  the  principles  underlying  the  BtreBBes  in  taAj 
due  to  rapidly  moving  and  very  heavy  rolling-st4  Bk,  ai 
thoroughly  comprehended  and  when  these  pri  as  havv. 

taUized  into  definite  rules  of  practice. 
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53P.  Action  of  track  as  an  elastic  structure.  Wheel  loads 
bear  vertically,  but  usually  with  some  horizontal  component, 
on  a  rail.  The  rails  are  flexible  beams,  supported  by  flexible 
ties,  which  aro  supported  by  a  more  or  less  yielding  but  elastic 
ballast,  which  rests  on  a  more  or  less  yielding  subsoil.  For 
convenience,  the  term  modulus  of  elasticity  of  rail  support  is 
used  as  a  measure  of  the  vertical  stillness  of  the  rail  support, 
and  is  defined  as  "  the  pressure  per  unit  of  length  of  each  rail 
required  to  depress  the  track  one  unit."  For  example,  a  series 
of  wheel  loads,  equivalent  to  10,000  pounds  per  tie  for  each 
rail,  depress  the  track  an  average  of  0.3  inch.  Then,  oil  the 
basis  of  proportionality  of  depression  to  pressure,  33,333  lbs. 
would  produce  one  inch  of  depression,  which  for  a  tie  spacing 
of  22  inches  would  require  a  prcssare  of  33,333 -H  22  =  1515  lbs. 
per  inch  of  length  of  rail  pcT  inch  cf  d;)pression.  The  elasticity 
and  flexibility  of  these  various  materials  affects  the  stresses  to 
which  they  are  subject.  The  spacing  of  wheels  along  a  rail 
also  affects  very  greatly  the  intensity  and  character  of  the 
stresses  produced  in  the  rails  and  ties.  Although  a  purely 
theoretical  solution  is  unsatisfactory  and  inadequate,  a  theoret- 
ical study  makes  it  possible  to  limit  the  scope  of  the  necessary 
experimental  work.  Theoretical  analysis  shows  that  the  bend- 
ing moment  of  a  rail  will  be  comparatively  large  for  a  single 
concentrated  load  with  no  appreciable  loads  sufficiently  near 
to  hold  the  rail  down  and  produce  a  negative  bending  moment 
at  an  adjacent  point,  thus  reducing  the  positive  moment  inmiedi- 
ately  under  the  concentrated  load.  But  railroad  loadings  are 
always  m  groups.  A  heavy  driver-load  is  almost  invariably 
preceded  and  followed  by  a  comparatively  hght  truck-wheel 
load,  if  not  by  another  driver.  The  variation  in  operating 
conditions  as  to  spacing  and  intensity  of  wheel  loads  limits  the 
use  of  precise  calculations  for  purposes  of  generalization,  but 
analysis  (which  is  substantially  confirmed  by  experimental' tests) 
shows  that  "the  assumption  of  a  continuous  elastic  support 
under  the  rail  is  by  far  the  most  convenient,  most  easily  applied 
and  most  comprehensive  in  its  apphcation  to  the  questions 
involved  in  the  work  of  the  committee." 

540.  Typical  track  depression  profile  for  static  load  on  one 
or  two  axles.  See  Fig.  217.  Note  that  the  depression  for  one 
axle  extends  for  about  ten  tie  spaces  and  that  the  rail  is  some- 
what raised  ^ibove  the  normal  height  beyond  a  distance  of  about 
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ing,  whether  recent  or  old,  as  was  shown  by  the  numerous  other 
similar  profiles  giveo  in  the  report.  The  eEFect  of  recent  tamp- 
ing was  inveat^ted  and  it  waa  shown  that  the  depression  under 
a  load  on  recently  tamped  track  is  nearly  proportional  to  the 
loading,  which  implies  a  nearly  constant  "  modulus  of  elasticity 
of  rail  support."  On  theatherhand,  if  track  has  not  been  tamped 
for  several  months,  there  is  a  comparatively  deep  depression 
for  the  first  5000  Iba.,  proportionately  less  for  the  next  additional 


Fia.  218.— Til  DEPHBaaiOM  Diaqbau,  Static  Loam. 

5000  lbs.,  and  perhaps  still  less  for  additional  increments.  This 
is  also  shown  by  Fig.  218,  which  shows  the  "  after  tamping  " 
curve  to  be  nearly  a  straight  line;  the  "  before  tamping  "  curve 
is  much  more  curved.  It  should  be  noted  that  the  "  bcforo 
tamping  "  depression  line  is  nearly  a  straight  line  after  it  is  loaded 
to  about  10,000  lbs.  In  later  investigatbns  this  fact  was  utilised 
by  producing  this  nearly  straight  line  back  to  the  line  of  sero 
pressure,  as  shown  by  the  dott«d  line.  The  intercept  on  the 
line  of  xero  wheel-load  is  a  measure  of  the  depression  of  the  tie 
before  it  has  its  full  bearing  on  the  ballast.    As  a  part  of  the 
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investigation  on  the  stresses  and  the  elastic  curve  of  a  tie  under 
load,  the  depression  of  a  tie  was  very  accurately  measured  at 
several  points  along  the  tie  and  for  a  regular  series  of  lig^t  to 
heavy  loads.  For  all  cases  where  the  tamping  had  not  been 
recent  (or  "  before  tamping '')  a  curve,  similar  to  those  of  Fig. 
218,  was  drawn  for  each  point  along  the  tie.  PToduoing  the 
depression  line  backward  to  the  point  of  zero  loading  gives  an 
intercept  which  is  called  **  the  initial  position  of  the  ballast  bed 
with  respect  to  the  bottom  of  the  tie  for  the  compact  oondition 
of  ballast  existing  in  the  track.''  Of  course  this  does  not  mean 
that  there  is  such  an  actual  gap  between  the  under  side  of  the 
tie  and  the  ballast,  but  such  gap  as  may  exist  at  some  pomtB 
along  the  tie  will  make  up  a  large  part  of  this  initial  depreaakm. 
A  comparison  of  similar  curves  for  light  and  heavy  rails  proves 
what  might  have  been  predicted,  that  the  depression  under  a 
heavy  rail  for  a  given  load  is  less  than  that  under  a  li^^t  load. 
The  heavy  rail,  by  its  extra  stiffness,  distributes  the  loading 
over  a  greater  number  of  ties  and  the  one  or  two  ties  neariy 
under  the  load  do  not  need  to  carry  such  a  large  proportion  d 
tlfe  total. 

A  broad  general  idea  of  the  depressions  due  to  track  loading 
and  of  the  proportions  of  the  total  depression  due  to  rail,  tie, 
ballast  and  sub-soil,  may  be  obtained  from  the  following  figures, 
which,  however,  must  be  considered  as  very  approximate  and 
subject  to  great  variation. 

Division  of  depressions  of  track  under  drivers  of  Mikado 
locomotive : 

1.  Compression  of  tie  under  rail,  plus  effect  of  bending 
of  tie  to  bring  it  to  full  bearing  on  the  ballast  alcMig 
its  length 0.06  m. 

%  Compression  of  24''  of  stone  ballast  immediately 

under  the  rail ^ 0.15  ii> 

3.  Compression  of  roadway  immediately  under  the  rail,  Q.15  in. 

0i5ii. 

Bending  of  85-Ib.  rail  between  ties  spaced  22"  c.o.  by  a  Bifadi 
locomotive  not  more  than  0.01." 

541 .  Bending  moment  and  depression  in  a  1  » ito  a 

of  loads.     Fig.    219   shows   graphically  the  reiata  pot 
moments   under   each   wheel  of  a   Mikado  loo      sti'vi.    :lli 
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light  lines  show  the  curves  of  moments  due  to  eftch  wheel;  the 
heavier  lines  give  the  algebraic  summation  of  the  effects  of  all 
the  wheels.  Note  (a)  that  the  effect  of  each  wheel  is  maximum 
directly  imder  that  wheel  but  the  effect  continues  even  beyond 
adjacent  wheels;  (6)  a  wheel  usually  develops  a  TtegatiM 
t  under  an  adjacent  wheel,  which  reduces  the  poaitive 
t  developed  by  the  adjacent  wheel;  {c)  as  an  example, 
calling  the  moment  developed  by  the  second  driver  (counting 
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from  right  to  left)  under  the  second  driver  =  +1.00,  the  effect 
of  the  first  driver  is  —0.20;  the  effect  of  the  third  driver  ia 
-0.20;  that  of  the  fourth  driver  ia  -0.05;  the  effect  of  the 
pilot  is  zero  and  likewise  the  effect  of  the  trailer.  The  net  effect 
is  that  the  oombination  of  wheels  develops  a  moment  under 
the  second  driver  of  only  55%  of  that  due  to  the  second  driver 
if  it  acted  alone.  Similarly  the  depression  of  rail  produced  by 
a  wheel  is  maximum  under  that  wheel,  but  it  develops  an  upr 
ward  force  which  raay  reduce  the  depression  under  some  other 
wheel,  although  probably  not  the  adjacent  wheel.  Foi  example, 
calling  the  depression  produced  by  the  first  driver—  +i.OO,  ,the 
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effect  of  fbe  second  driver  is  to  cause  &  further  depreesioii  undn 
the  first  driver  equal  to  +023;  tbe  third  driver  has  an  added 
^eot  of  —  0.04;  tbe  effect  of  the  pilot  truck  is  ne^igible.  Hw 
net  effect  is  a  depre^on  under  the  first  driver  which  il  l.lt 
timee  the  depreaaion  which  the  fiist  driver  alone  would  cause. 
Note  that,  although  there  is  d^ressioit  under  all  tite  whedl^ 
the  depresdon  between  the  fourth  driver  and  the  trailer  is  ttm 
than  tiiat  under  the  trailer.  Between  the  two  truoka  of  a  OU, 
the  depression  is  usually  net^tive,  i.e.,  the  tails  are  <nimd 
upward  abone  their  normal  position. 

543.  Special  instruments  and  devices  for  matdng  tests.  Teili 
were  made  to  meaHure  the  depression  of  1^e  rail,  tie,  ballast  and 
roadbed,   both  for  static  loads  and  for  moving  loads.     Statit 


loads  of  any  desired  magnitude  were  produced  by  1  _ 

carload  of  25  to  50  tons  of  rails  over  the  track  to  be  tested,  ^ro 
H-beams  (for  two-axle  loads)  or  one  H-beam  (for  ningin  aifci 
loads)  were  placed  under  the  load  of  rails,  each  H-beam  being 
supported  by  two  struts  having  load-indicating  screw  ^Aa, 
which  were  carried  on  curved  bearing  blocks,  placed  on  tfaa  tnA 
rails,  the  blocks  having  the  same  radius  as  car  wheels  but  wifr 
out  coning.  Since  the  bearing  blocks  were  under  Um  mdIW 
of  the  car  and  were  12  to  IS  feet  in  either  direction  fima  Um  est 
wheels,  the  effect  of  the  car  wheels  was  nearly  negligibls  rm4  ml 
BO  considered. 

thiit  rail  stress.  The  stretching  of  the  base  of  the  nil  note 
a  static  load  was  measured  with  a  Berry  strain  gaga  jurt  as  air 
such  stress  in  metal  is  measured  in  a  testing  laboratory.  Ikt 
Berry  strain  gage  is  not  applicable  for  observing  the  rain^f 
changing  streKies  due  to  moving  loads,  which  therefore  lenat 
tUb  use  of  a  stretnmatograph.  The  form  used  will  reeonl  it 
any  instant,  on  a  revolving  disk  any  minute  1 
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dist&nce  ap&rt  of  a.  pair  of  gage  points  drilled  in  the  base  of  the 
rail  exactly  4"  apart. 

Unit  pressurcB.  The  unit  pressure  exerted  at  any  depth  of 
the  ballast  waa  measured  by  a  presEure  capEule.  As  shown  in 
Fig.  221,  the  ballast  bears  on  a  circular  bearing  pUte,  haviDg 
an  area  of  5  eq.  in.,  which  transmits  the  pressure  to  &  thin 


Fia.  221.— Pbsbsi 


steel  diaphragm.  The  movement  of  the  diaphragm  actuates 
A  simple  mechanism  which  pushes  a  rod  enclosed  in  a  pipe  lead- 
ing to  a  dial  located  outside  the  ballast.  The  mechanism  is 
calibrated  by  observing  the  readioRs  for  known  pressures. 
Several  of  these  capsules  are  inserted  in  the  ballast  almost  int- 
toediately  under  the  tie,  and  also  at  the  bottom  of  the  balla^  - 
just  above  sub-grade,  as  shown  in  Fig,  221.  The  simple  dial 
fonn  is  used  to  measure  the  pressure  produced  by  etatic  loads;  i 
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For  moving  loads,  the  mechanism  operates  a  stylus  which  makeB 
a  record  on  a  revolving  disk. 

Depression  plugs.  The  actual  depression  of  the  haUart  at 
any  depth,  or  of  the  sub-soil  at  subgrade,  was  measured  by 
locating  a  horizontal  plate  at  the  desired  point.  A  vertiod 
i"  tube,  enclosing  a  ^"  rod,  with  a  set  screw  for  adjustment, 
(see  Fig.  222)  is  attached  to  this  plate.    To  avoid  any  Unding 

action  of  the  ballast  through  which  it  paflBCB, 
tbe  vertical  rod  and  tube  is  surrounded  l^ 
another  f"  tube.  Tbe  top  of  the  rod  is  ad- 
justed to  be  above  the  ballast  and  at  a  ooih 
venient  height  for  comparison  of  elevation 
with  a  fixed  reference  plug.  Of  course  the 
piate  will  follow  the  strata  in  which  it  is 
placed  in  any  change  of  elevation  which  may 
occur.  The  fixed  plugs  were  Icxaited  in  the 
ground  far  enough  away  from  the  tnkk  m 
that  they  would  not  be  appreciab^  influ- 
enced by  track  depression,  and  at  nea^ 
the  same  elevation  as  the  tops  of  the 
vertical  rods.  The  relative  elevations  were 
observed  very  accurately  by  means  of  a 
level-bar,  a  metal  bar  provided  with  a  kyd 
bubble  and  a  micrometer  adjusting  sereir. 
Then,  after  the  track  had  been  loaded, 
minute  changes  of  elevation,  due  to 
were  observed.  For  measuring 
directly  under  a  tie,  a  double  plug,  haviiv 
two  vertical  rods  which  would  straddle  a 
tie,  were  used,  and  the  average  reading  of  tfaa 
two  rods  was  taken.  The  level  bar  was  used  to  observe  dqim- 
sions  of  rail,  tie,  ballast  or  subsoil,  but  only  as  to  the  effect 
of  static  loading.  The  depression  of  the  rail  under  moving 
load  was  measured  by  a  double  exposure  photograph.  Fitas 
of  black  paper,  with  white  crosses  on  them,  having  one  Sm 
vertical,  were  pasted  on  the  web  of  the  rail.  A 
focused  on  the  rail  about  10  feet  away.  An  initial 
was  taken  of  the  imloaded  rail.  Then,  without  distuilMaiOB' 
of  the  camera,  the  desired  train  load  was  run  oi  r  tlMB  tHA- 
at  the  desired  speed.  When  the  train  (or  loconk  rve)  =  iftto  '^' 
the  desired   point,  it   closed  an  electric  circuit  v       h 
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the  shutter  for  a  .001  second  exposure.  The  resultant  photo- 
graph showed  for  each  cross  a  double  cross  with  one  vertical 
and  two  horizontal  Unee  whose  distance  apart  represented,  after 
suitable  reduction,  the  depression  of  the  rail.  Using  a  magnify- 
ing  micrometer  microscope,  and  a  computed  constant  multiplier, 
it  was  possible  to  measure  from  the  photographic  plate  the 
actual  deflection  of  the  rail  with  a  precision  of  about  0,01  inch. 
543.  PressuTO  transmitted  from  tie  to  ballast.  Thia  subject 
was  investigated  both  theoretically  and  experimentally.    The 


c)ft)erimental  work  bcluded  not  only  track  teats  but  also  an 
extensive  series  of  laboratory  tests  using  sand  ballast,  pebblea, 
and  brokon  stone.  If  ballast  consists  of  absolutely  clean  spheres 
of  perfectly  elastic  material,  whose  mutual  actions  and  reactions 
are  only  pressure  without  friction,  a  definite  theoretical  solution 
as  to  distribution  of  pressure  is  possible,  although  complicated. 
The  equation  of  preaaure  is  a  logarithmic  equation  which  is 
chiefly  useful  in  interpreting  experimental  results.  Both  theory 
and  experimental  testa  demonatral*  that : 

(d)  "  The  bearing  pressure  of  the  tie  varies  in  intensity  from 
its  edge  to  its  middle  line."    Thia  is  ahown  in  Fig,  223,  where 
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the  numbers  within  the  diagram  give  percentoffes  of  the  amage 
tie  pressure.  The  figure  also  shows  that  if  the  ballast  is  oidj 
6  inches  thick  the  entire  pressure  on  the  subsoil  is  oonoentnted 
on  a  comparatively  narrow  area  under  the  tie  and  that  a  oon- 
siderable  part  of  the  subsoil  between  the  ties  carries  bat  littlB 
pressure.  The  ballast  must  be  nearly  24  inches  deep  (if  the 
ties  are  spaced  21")  before  the  load  is  distributed  with  sub- 
stantial uniformity.  If  the  ties  are  spaced  further  apart,  the 
depth  for  uniform  pressure  must  be  still  greater.  In  a  Yoy 
approximate  way,  it  may  be  said  that  the  pressure  becomeB 
substantially  uniform  at  a  depth  equal  to  the  tie  spacing. 

(&)  '*  The  pressures  which  react  from  the  lower  face  of  tbe 
tie  act  in  other  than  vertical  lines,  the  greatest  variation  from 
the  vertical  direction  being  at  the  edge  of  the  tie."  f^.  223 
also  shows  this. 

(c)  ''The  variation  in  intensity  of  pressure  in  the  baDist 
lengthwise  of  the  tie  (which  is  dependent  upon  die  and  stiff- 
ness of  tie,  quality  of  tamping,  and  condition  of  the  bed  on  whidi 
the  tie  rests)  becomes  less  and  less  with  increase  in  depth  and  it 
may  be  expected  that  the  variations  will  be  smoothed  out  st 
a  depth  equal  to  tbe  ordinary  tie  spacing,  or  a  few  inches  beknr, 
where  there  will  be  fairly  uniform  pressure  over  the  horiaontal 
plane." 

(d)  ''  For  quiescent  loading  there  is  little  difference  in  this 
manner  and  rate  of  transmission  and  distribution  of 
for  broken  stone,  pebbles,  and  sand  ballasts;  that  is,  at  a 
depth  the  intensities  of  pressure  will  be  approximately  the 
provided,  of  course,  the  ultimate  carrying  capacity  of  the  haDsflk 
is  not  exceeded;  and  this  conclusion  may  properly  be  extended 
to  other  non-cohesive  materials.  It  will  require  less  load  to 
force  the  tie  into  sand  ballast  than  into  broken  stone;  the  uUft- 
mate  carrying  capacity  of  the  broken  stone  ballast  under  tifr 
pressure  is  much  greater  than  that  of  the  sand  ballast — thB 
particles  of  sand  ballast  are  more  easily  moved  and  zeanaagB 
themselves  under  lighter  loads.  For  the  different  IoikIb  of 
ballast  there  are  great  differences  in  the  ultimate  load  whidi 
can  be  carried  on  a  tie  before  ballast  movement  begina.  Hm 
ultimate  carrying  capacity  depends  upon  size  of  partiole^ 
ness  of  surface  and  degree  of  angularity.  A  material 
mobility  imder  pressure  is  increased  by  the  action  of  "water  or 
by  mixture  with  other  materials  may  thereby  have  its 
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capacity  decreased.    For  heavy  loading  the  ultimate  carrying 
capacity  of  a  ballast  material  is  especially  important." 

(e)  For  quiescent  loads  the  presence  of  ballast  above  the  level 
of  the  bottom  of  the  tie  has  little  or  no  effect  in  increasing  the 
maximum  load  which  can  be  carried  without  forcing  the  ballast 
from  under  the  tie  and  allowing  the  tie  to  settle.  For  moving 
loads  which  produce  vibration,  the  presence  of  ballast  up  to  the 
top  of  the  tie,  and  particularly  at  the  tie  ends,  increases  con- 
siderably the  resistance  to  lateral  displacement.  The  greater 
the  velocity  of  trains,  the  greater  the  necessity  for  such  lateral 
reinforcement. 

544.  Transverse  stresses  in  the  tie.  The  character  and  dis- 
tribution of  transverse  stresses  in  the  tie  depend  very  largely 
on  the  tamping.  If  the  tamping  were  absolutely  uniform 
throughout  the  length  of  the  tie,  the  upward  pressure  would 
be  uniform  and  there  would  be  a  maximum  positive  moment 
under  each  rail,  a  maximum  negative  moment  in  the  center  of 
the  tie,  and  points  of  inflection  between  the  center  and  each  rail. 
If  the  tie  is  very  strongly  tamped  under  the  center  and  tamped 
very  little  if  at  all  under  the  ends,  making  it  "  center-bound," 
there  will  be  a  severe  negative  moment  in  the  center,  and  little 
or  none  under  the  rails.  Concentrating  the  tamping  for  a  short 
space  on  each  side  of  each  rail,  and  leaving  the  center  almost 
clear  of  ballast,  relieves  the  center  of  any  transverse  stress  and 
even  minimizes  that  under  the  rails.  From  the  standpoint  of 
stress  in  the  tie,  it  is  desirable,  but  it  makes  an  undesirable 
concentration  of  pressure  on  the  ballast  and  roadbed.  Prob» 
ably  the  ballast  would  soon  crush  down  under  such  a  concen- 
trated pressure.  The  best  method  of  tamping  is  that  which 
makes  the  tamping  firmest  on  either  side  of  each  rail,  with 
enough  tamping  in  the  center  to  give  good  support  and  yet 
not  so  much  that  a  negative  moment  would  be  developed  which 
would  be  in  excess  of  the  positive  moment  under  the  rail.  Since 
the  amounts  of  these  moments  depend  on  the  tamping  and  since 
the  effect  of  the  tamping  may  be  more  or  less  altered  with  the 
passage  of  each  train,  due  to  a  slight  settlement  of  the  ballast, 
any  attempt  at  precise  quantitative  computation  of  moment 
is  fruitless.  Nevertheless  tests  were  made  to  determine  the 
.Tioments  under  a  variety  of  conditions  (center-bound  ties,  end- 
bound  ties,  etc.)  so  as  to  determine  maximum  and  minimum 
values  for  the  moments  under  the  rails  and  in  the  center.     Fig. 
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224  is  a  composite  of  the  deflections  of  three  ties  on  GIbbb  A 
track  on  the  Ch.  M.  &  St.  P.  Rwy.  The  vertical  scale  is  500 
•times  the  horizontal  scale.  The  curve  represents  the  depict- 
sion  of  the  tie  and  may  also  be  considered  to  Tepresent  th 
deformed  neutral  axis  and  that  the  curvature  indicates  tis 
character  of  the  bending.  The  curve  shows  the  usual  csae  d 
a  negative  moment  in  the  center  and  i)ositive  moments  unfa 
each  rail.  Static  tests  under  a  truck  load  of  100,000  lbs.,  on 
poorly  ballasted  track,  showed  a  negative  bending  momeoA  in 
the  center  of  as  much  as  —  4.5  TF  inch-pounds,  in  \irhich  TF=*the 
load  in  pounds  carried  by  one  tie.  This  was  observed  to  be 
about  15,000  lbs.  4.5X15,000  =  67,600  in.  lbs.  For  a  6"X8' 
tie,  a  moment  of  67,500  in.  lbs.  means  a  maximum  unit  strea 
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of  1406  lbs.  per  sq.  in.  But  this  stress  was  produced  by  a  sUtie 
load.  The  effect  of  speed  and  d3mamic  augment  (see  |413) 
would  largely  increase  this  figure  and  i)erhape  make  it  exceed 
the  safe  working  stress  for  even  an  oak  tie.  On  the  other  hand, 
for  track  in  good  condition,  a  negative  bending  moment  of 
—2.0  W  in  the  center  is  as  much  as  should  be  expected. 

545.  Effect  of  counterbalancing.  In  §  413  there  is  given  aa 
elementary  explanation  of  the  necessity  for  counterbalaneiiis 
and  some  of  the  rules  for  accomplishing  it.  It  was  also  e^lainiBd 
that  perfect  counterbalancing  is  necessarily  impossible  and  that 
there  is  always  an  unbalanced  d3nnamic  augment  which  pi^ 
duces  an  increased  pressure  on  the  rails  at  some  part  of  the 
revolution  of  the  driver,  or  a  racking  of  the  locomotive  fiMM 
at  each  half-stroke  of  each  piston.  The  dynamic  augmeat 
increases  as  the  square  of  the  velocity,  and  its  effect  is  thowfae 
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very  great  and  serious  at  high  Hpeeds.  It  is  sometimes  found 
impracticable  to  make  the  counterweigLt  on  ttie  main  driver 
sufficiently  large  and  heavy  to  balance  the  effect  of  tlie  very 
great  weight  of  the  side  rods,  main  rod,  etc.,  of  a  very  heavy 
locomotive.  In  such  a  case,  the  driver  is  said  to  be  under- 
balanced  and  th«n  the  greatest  stress  in  the  rail  may  occur 
when  the  counterweight  ia  up  rather  than  when  it  is  down. 
The  underbalance  of  the  main  driver  ia  made  up  by  overbalancing 


.,   UNDER   MjUM  DbTTEB, 


the  other  drivers,  and  this  increases  the  pressure  under  Ihem 
when  the  counterweight  is  down.  Although  the  dynamic  aug- 
ment may  be  computed  numerically,  as  illustrated  in  j  413,  its 
real  effect  on  the  rail  is  modified  by  the  action  of  the  equaliiihg 
levers  and  also  by  the  effect  that  a  cliange  of  pressure  by  the 
other  drivers  has  on  the  rail  and  on  the  reaction  of  the  rail  on 
the  driver  oonadered. 

Another  item  which  increases  -  the  pressure  exert«d    by  the 
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main  driver  on  the  rail  is  the  vertical  oomponent  of  tbe  pdl 
(or  push)  of  the  main  rod.  This  component  acts  dowxaad 
both  when  the  crank  pin  is  up  and  when  it  is  down.  For  m 
case  this  was  computed  to  be  about  12%  of  the  oylinder  pni' 
sure  at  mid-stroke.  This  is  a  very  significant  addition  to  th 
rail  pressure.  It  was  not  included  in  the  figure^  obaemdii 
the  tests  since  steam  was  shut  off  when  the  looomotive  ^Mtd 
over  the  test  track. 

In  Fig.  225  are  shown  plotted  results  of  tests  with  a  loci* 
motive  of  the  Santa  F6  type  (2-10-2).  The  diagram 
only  the  stresses  under  the  main  driver — which  canJes  tbe 
pin.  Corresponding  diagrams  for  the  other  drivers  showed  liRf 
different  results.  The  position  of  the  counterweight  is  Aant 
indicating  that,  since  the  main  driver  was  undeHfalanad,  tkl 
maximum  stress  in  the  rail  occurred  when  the  oiank  pin 
down  and  the  counterweight  up.  Note  that  the  w«™w— 
stress  in  the  base  of  the  rail  was  14,000  lbs.  per  sq.  in.  foraqwd 
of  50  m.p.h.  The  pressures  for  5  m.p.h.  were  so  nearly  uniCoB; 
that  a  mean  average  line  to  represent  them  was  drawn  at  aWi 
10,700.  The  mean  value  of  the  ordinates  for  50  m.p  Jl  i 
a  mean  stress  of  about  26,000  lbs.  per  sq.  in.  The  iliffiiiiM 
between  10,700  and  26,000,  or  15,300  lbs.  per  aq.  in.,  is 
to  represent  the  mean  value  of  the  effect  of  speed  alone^  or 
effect  of  increasing  the  velocity  from  5  •to  fiO  m.p.h. 
reference  to  counter-weight  effects.  Similar  tests  ^hth  a 
type  locomotive  (4-6-2)  showed  that  the.effeet  ^  speed's 
incpcasc  the  rail  stress  1.95  and  2.25  times  by  increaaiE 
speed  from  5  m.p.h.  to  45  and  to  60  m.p.h.  respectively. 
thes3  figures  are  of  academic  interest  chiefly,  since  the 
figure  is  the  maximum  actual  stress  in  the  rail  at  high  wp&A 
The  average  maximum  shown  by  the  tests  was  44,700  Ifaa  ptf 
sq.  in.  during  each  revolution  of  the  drivers.  One  obsend 
stress  was  as  high  as  52,000  lbs.  per  sq.  in. 

It  should  also  be  noted  that,  for  the  tjrpe  of  rafl  used  in  tti 
test,  the  maximum  stress  in  tbe  head  of  the  rail  is  about  M 
greater  than  that  in  the  base  for  vertical  loads.  In  thne  tak 
the  strain  measurements  were  taken  in  the  base  of  the 
since  the  lateral  stresses  are  greater  there  than  in  tbe  hssd 
are  "  great  enough  to  be  significant." 

Trailer.    These  tests  developed  some  veiy  unexpected 
with  respect  to  the  stresses  under  the  traikra — the 
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iively  small  loose  wheels  under  the  firebox  and  next  behind  the 
Irivers.  These  wheels  are  presumably  perfectly  balanced  and 
lormally  carry  a  definite  proportion  of  the  load  of  the  engine. 
!t  might  have  been  expected  that  the  rail  pressure  would  be 
;ubstantially  uniform  and  that  any  variation  in  pressure  would 
>e  due  to  some  accidental  unevenness  in  the  track.  On  the 
jontrary  the  variations  were  quite  marked,  especially  at  high 
ipeeds,  and  the  positions  of  maximum  stress  aeem  to  bear  a 
lefinite  relation  to  the  position  of  the  counterweight  on  the 
Irivers.  If  this  relation  were  constant  for  all  locomotives,  its 
.nalysis  would  be  simplified.  For  a  locomotive  of  the  Santa  F6 
ype,  the  maximum  stress  occurred  when  the  counterweight 
rsLS  at  a  position  from  0.6  to  0.8  of  a  revolution  after  the  low 
•osition.  For  a  locomotive  of  the  Pacific  type,  the  maximum 
ffect  occurred  at  about  0.4  of  a  revolution  after  the  low  position. 
a  each  case  the  various  observations  of  the  tests  were  so  consist- 
nt  that  the  conclusions  are  indisputable.  The  differences  in 
Bsults  for  different  locomotives  shows  that  it  depends  on  the 
slative  weights  on  the  wheels  and  on  the  equalizer  system. 
'he  systematic  variation  from  uniformity  shows  the  effect  of 
ariable  pressure  of  adjacent  drivers,  acting  through  the  equaliz- 
ig  levers,  and  also  through  the  rails,  to  modify  what  would 
therwise  be  a  uniform  pressiu'e.  It  also  helps  to  explain  cer- 
lin  apparent  inconsistencies  in  the  results  for  the  driver  pres- 
ires.  Evidently  there  is  a  large  field  for  future  investigation, 
ad  it  is  to  be  expected  that  succeeding  reports  from  this  com* 
littee  will  throw  more  light  on  this  phase  of  the  subject. 


APPENDIX 

THE  ADJUSTMENTS   OF  INSTRTJMElinB. 

The  accuracy  of  instrumental  work  may  be  vitiated  bf  wf 
one  of  a  large  number  of  inaccuracies  in  the  geometrical 
of  the  parts  of  the  instruments.  Some  of  these  relatia 
apt  to  b''  rltered  by  ordinary  usage  of  the  instrument  thitft 
makers  have  provided  adjusting-screws  so  that  the 
may  be  readily  correct<;d.  There  are  other 
which,  however,  will  seldom  be  found  to  exist,  pramM. 
instrument  was  properly  made  and  has  never  been  sulijeeled 
treatment  sufficiently  rough  to  distort  it.  8uch  defeetfl^ 
found,  can  only  be  corrected  by  a  competent  instrumen 
or  repairer. 

A  WARNING  is  necessary  to  those  who  would  test  the 
of  instruments,  and  especially  to  those  whose  experienoe  iii 
work  is  small.     Lack  of  skill  in  handling  an.  instrumoil 
often  indicate  an  apparent  error  of  adjustment  when  the 
error  is  very  different  or  perhaps  non-existent.     It  is  al* 
safe  plan  when  testing  an  adjustment  to  note  the  amouirt 
apparent  error;  then,  beginning  anew,  make  another  i 
determination  of  the  amount  of  the  error.     When  two  cr 
perfectly  independent  determinations  of  such  an  error  an 
it  TV-ill  generally  be  found  that  they  differ  by  an 
amoimt.     The  differences  may  be  due  in  variable 
careless  inaccurate  manipulation  and  to  instrumental 
which  are  wholly  independent  of  the  particular  test  b^pg 
Such  careful  determinations  of  the  amounts  of  the 
generally  advisable  in  view  of  the  next  paragraph. 

Do    NOT    DISTURB    THE    ADJUSTING-SCREWS 

NECESSARY.    Although  motals  are  apparently  rigid,  tlvy 
really  elastic  and  yielding.     If  some  parts  bf 
mechanism,  which  is  held  together  largely  by  friction. 
jected  to  greater  internal  stresses  than  other  parts  of  tlto 

6ll 
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tliism>  the  jarring  resulting  from  handKng  will  frequently  causo 
i  slight  readjustment  in  the  parts  which  will  tend  to  more  nearly 
equalize  the  internal  stresses.     Such  action  frequently  occurs 
viih  the  adjusting  mechanism  of  instruments.     One  screw  may 
>e  strained  more  than  others.     The  friction  of  parts  may  pre*. 
^nt  the  opposing  screw  from  immediately  taking  up  an  equal 
iaress.     Perhaps  the.  adjustment  appears  perfect  under  these, 
londitions     Jarring  diminishes  the  friction  between  the  parts,, 
ind  the  unequal  stresses  tend  to  equalize.     A  motion  takes  place, 
vhich,  although  microscopically  minute,  is  sufficient  to  indicate 
In  en'or  of  adjustment.     A  readjustment  miade  by  unskillful 
^nds  may  not  make  the  final  adjustment  any  more  perfect. 
Che  frequent  shifting  of  adjusting-screws  wears  them  badly, 
i,nd  when  the  screws  are  worn  it  is  still  more  difficult  to  keep 
hem  from  moving  enough  to  vitiate  the  adjustments.      It  ii^ 
herefore  preferable  in  many  cases  to  refrain  from  disturbing  the* 
udjusting-screws,  especially  as  the  accuracy  of  the  work  done  is. 
lot  necessarily  affected  by  errors  of  adjustment,   as  may  be. 
Ikistrated : 

(a)  Certain  operations  are  absolutely  unaffected  by  ciei-taiti 
rrors  of  adjustment.  .  , 

.  ,(6)  Certain  operations  are  so  slightly  affected  by  certain  smaUy 
rrrors  of  adjustment  that  their  effect  may  properly  be  neglected." 

(c)  Certain  errors  of  rdjustment  may  be  readily  allowed  for' 
jid  neutralized  so  that  no  error  result?  from  the  use  of  the' 
Lji£tdjusted  instrument.  Illustrations  of  all  these  cases  will  be. 
;iven  under  their  proper  heads. 

ADJUSTMENTS    OF  THE   TRANSIT. 

•  •  .  *  »      * 

1.  To  hai'e  the  plafe-bubhlcs  in  the  center  of  the  tubes  when  th^^ 
.xi>  is  vertical.  Clamp  the  upper  plate  and,  with  the  lower 
larnp  loose,  swing  the  instrument  so  that  the  pldte-bubbles  are 
rarallol  to  the  lines  of  opposite  levejing-^crews.  Level  up  until", 
►olh  bubbles  are  central.  Swing  the  instrument  180**.  If  the 
nibbles  again  settle  at  the  center, 'the  adjustment  is  perfect.  If 
ither  bubble  does  not  settle,  in  the  center,  'move  the  leveling-' 
crews  until  the  btibble  \a  half-way  back  to 'the  center.  Then,' 
►efore  touching  the  ad jnstins:-sf»rews,  note  carefully  the  position- 
f  i  he  bubbles  and  observe  whether  the  bubbles  always  settle  at 
he  sam£  place  in  the  tube,  no  matter  to  what  poditiou  the  iut^ 
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etnitoetit  may  be  rotated.  When  the  instnimii 
the  axis  is  tnily  vortii^al  and  the  diacrepfuiei 
constant  podtion  of  the  bubbles  and  the  cent 
measure  the  errors  of  adjustment.  By  means  i 
screws  bring  each  bubble  to  the  center  of  the 
done  ao  skillfully  that  the  true  level  of  the  b 
disturbed,  the  bubbles  should  settle  in  the  cente 
of  the  instrument.  Under  unskillful  haadfl^  ti 
trials  may  be  neceaaary. 

When  Ua  pUtn  are  not  hoiuonUl,  tlw  m 

mod  itA  projection  on  a  horiiontal  plane. 
!■  BnuU,  the  diSen  ~ 

wijea  may  ba  far  witbin  the  la 
vrot  of  ftdjustment  of  tha  plate-bubble  pfrpmiliemliir  V 
affect  the  horiioatal  angtea  by  only  a  amall  piupurtlm 
will  be  perhapa  hnpeiceptible.  Vertical  anclM  «iD  1 
uune  iiHisnificaiit  amount.  A  «iujl  ernir  of  adjiati 
bubbLa  paralltl  to  the  t«leAcop«  will  affact  horiaontal  a 
but  will  affeot  veiiical  nDglfa  by  tha  full  amount  of  tha  i 

Aa  error  due  to  unadjiHted  plate-bubblea  mar  ba  ftl 
what  prwtiona  in  the  tub«  the  bubbln  will  nmain  flx 
of  anmuth  and  then  keeping  the  bubblea  adjuated  to  1 
the  axis  ia  then  truly  vertical.  It  will  often  tun  UaM  t 
temporarily  rather  than  to  atop  to  make  tha  adjaatm 
(specially  be  done  when  wMjurate  TCrticAl  an^ea  am  n 

When  tha  bubbl»  ftre  truly  adjualed,  they  ahooid 
ragi^lcea  of  whether  the  tel(w»pe  ia  revolred  with  thi 
and  the  lower  plate  clamped  or  whether  the  wbcda  iaati 
the  plalea  baing  clamped  together.  If  there  ia  any  app 
it  ahowB  that  the  two  vertical  axoa  or  "oantars"  of  the 
centric.  This  may  be  due  to  cheap  and  fault;  ouuattveti 
tiva  wear  that  may  be  somelinuB  obsarred  in  an  old  ba 
well  made.     In  either  oaae  it  can  only  be  ean«a(ad  Iqr  a 

2.  To  make  the  revolving  axis  of  the  IdMOOpe 
(fte  vrrticat  axis  oj  the  instrument.  This  is  best 
a  long  plumb-line,  so  placed  that  the  telescape  i 
upward  at  an  angle  of  about  45°  to  sight  at  the  U 
line  and  downward  about  the  same  amount, 
sight  at  the  lower  end.  The  vertical  axis  of  t 
be  made  truly  vertical.  Sight  at  the  upper  j 
clamping  the  horizon  ta!  plates.  Swing  tbo 
and  see  if  the  crosa-wire  again  bisects  the  c< 
adjustment  is  pnbably  perfect  (a  conceivable  e: 
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3ted  later) ;  if  not,  raise  or  lower  one  end  of  the  axis  by  nn.  ans 
'.  the  adjusting-screws,  placed  at  the  top  of  one  of  the  standards^ 
atil  the  cross-wire  will  bisect  the  cord  both  at  top  and  bottom. 
he  x^umb-bob  may  be  steadied,  if  necessary,  by  hanging  it 
L  a  pail  of  water.  As  many  telescopes  cannot  l)e  focus«Ml 
1  an  object  nearer  than  G  or  8  feet  from  the  telescope,  this 
lethod  reqmres  a  long  plumb-line  swung  from  a  hi^  pointy 
hich  may  be  inconvenient. 

Another  method  is  to  set  up  the  instrument  about  10  feet 
om  a  high  wall.  After  leveling,  sight  at  some  convenient 
lark  high  up  on  the  wall.  Swing  the  telescope  down  and  make 
mark  (when  working  alone  some  convenient  natural  mark  may 
jnerally  be  found)  low  down  on  the  wall.  Plunge  the  telescope 
id  revolve  the  instrument  about  its  vertical  axis  and  again  sight 
;  the  upper  mark.  Swing  down  to  the  lower  mark.  If  the 
ire  again  bisects  it,  the  adjustment  is  perfect.  If  not,  fix  a 
Mnt  half-way  between  the  two  positions  of  the  lower  mark, 
he  plane  of  this  point,  the  upper  point,  and  the  center  of  the 
strument  is  truly  vertical.  Adjust  the  axis  to  these  upper  and 
wer  points  as  when  using  the  plumb-line. 

3.  To  make  the  line  of  coUimatum  perpendicular  to  the  revolving 
cis  of  the  telescope.  With  the  instrument  level  and  the  telescope 
>arly  horizontal  point  at  some  well-defined  point  at  a  dbtance 
'  200  feet  or  more.  Plunge  the  telescope  and  establish  a  point 
L  the  opposite  direction.  Turn  the  whole  instniment  about  the 
3rtical  axis  imtil  it  again  points  at  the  first  mark.  Again 
lunge  to  "direct  position"  (*.6.,  with  the  level-tube  under 
le  telescope).  If  the  vertical  cross-wire  again  points  at  the 
K^ond  mark,  the  adjustment  is  perfect.  If  not,  the  error  is 
%e-fourth  of  the  distance  between  the  two  positions  of  the 
^cond  mark.  Loosen  the  capstan  screw  on  one  side  of  the 
ilescope  and  tighten  it  on  the  other  side  until  the  vertical 
ire  is  set  at  the  one-fourth  mark.  Turn  the  whole  instrumant 
y  means  of  the  tangent  screw  until  the  vertical  wire  b  midway 
etween  the  two  positions  of  the  second  mark.  Plunge  the 
>lescopo.  If  the  adjusting  has  been  skillfully  done,  the  cross- 
ire  should  come  exactly  to  the  first  mark.  As  an  "erecting 
yrepiece"  rein  verts  an  image  already  inverted,  the  ring  carrjqng 
le  cross-wires  must  be  moved  in  the  sam^  direction  as  tho 
pparent  error  in  order  to  correct  that  error. 
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The  neeeeeity  for  tbe  third  adjuatment  lies  prinoipally  in  tfas  p 
of  producing  a  line  by  plunsing  the  teleecope,  but  wimen  thia  is  nqp 
be  done  with  great  accuracy  it  is  always  better  to  obtun  the  fw^M^ 
by  reversion  (as  described  above  for  makiTig  the  teet)  ud  tahs  th 
of  the  two  forward  points.  Horizontal  and  vertieai  ■hjVm  are  pm 
unaffected  by  smaU  errors  of  this  adjustment,  unleoa.  in  the  ean  o 
Eontal  angles,  the  vertical  angles  to  the  points  observed  are  yeiy  £i 

Unnecessary  motion  of  the  adjustingHScrews  may  sometimes  be  s 
by  carefully  establishing  the  forward  p<^t  on  Kne  by  repeated  ran 
of  the  instnimeirt,  and  thus  determining  by  repeated  trials  th^  eaaeC  ■ 
of  the  error.  DifJertnceB  in  the  amount  of  emolr  deterquned  wm 
evidence  of  inaccuracy  in  manipulating  the  iiistruineiit«  and  moU 
that  an  adjustment  based  on  the  first  trial  would  i^rob<My  prors  « 
factory. 

The  2d  and  3d  adjustments  are  mutuaDy  depsndeot.  If  eiliiv  i 
ment  is  badly  out,  the  other  adjustment  cannot  be  made  ^"mmii  mk 

(a)  The  second  a<ljustment  can  be  made  regardless  of  ihs  tUrd 
the  lines  to  the  high  point  and  the  low  point  make  egiiol 
horizontal. 

(b)  The  third  adjustment  can  be  made  regardleas  of  the 
the  front  and  rear  points  are  on  a  level  with  Uie  iostroment. 

When  both  of  these  requirements  are  tiaorly  ful6il«|d.  i^nd  SV 
when  the  error  of  either  adjustment  is  small,  no  trouble  will  be  foi 
perfecting  either  adjustment  on  account  of  a  small  error  in  the  ott 
justmeut. 

If  the  test  for  the  second  adjustment  is  made  by  mnsiM  of  |hi  | 
line  and  the  vertical  cross-wire  intersects  the  line  at  all  points  M  Ik 
scope  is  raised  or  lowered,  it  not  only  demonstrates  at  ooee  ths  as 
of  that  adjustment,  but  also  shows  that  the  third  ndjimtmiit  li 
perfect  or  has  so  small  an  error  that  it  does  not  affeet  the  I 


4.  To  have  the  bvhble  of  the  t€lescap&4evd  in  the  cmUtri 
tube  when  (he  line  of  coUimation  is  horissonUd,  Tbe  liiie:  «f ; 
mation  should  coincide  with  the  optical  aidfl  of  tfaB  tAi 
If  the  object-glass  and  eyepiece  have  been  {xropeffy^Mfal 
the  pre\'ious  adjustment  will  have  brought  the  Ttttial'i 
wire  to  the  center  of  the  field  of  view.  TbB  horiflonUll 
wire  should  also  be  brought  to  the  center  of  the  field  4f  ^ 
and  the  bubble  should  be  adjusted  to  it.  ■ 

a.  Peg  method.  Set  up  the  transit  at  one  end  ol  a  ■ 
level  stretch  of  about  300  feet.  Clamp  the  telescope  nM 
bubble  in  the  center.  Drive  a  stake  veitioally  under  Hm 
piece  of  the  transit,  and  another  about  300  feet  away.  'Ob 
the  height  of  the  center  of  the  eyepiece  (the  teleeoopel 
level)  above  the  stake  (calling  it  a) ;  observe  the  Kadfa^  f 
rod  when  held  on  the  other  stake  (calling  it  b>;  taktf  tkeAl 
ment  to  the  other  stake  and  set  it  up  so  that  the  fl^epii 
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hicAlly  over  the  stake,  observing  the  height,  c ;  take  a  reading: 
p^  the  first  stake,  calling  it  d.  If  this  adjustment  is  perfect, 
hen 

a— rf«=6— c, 
or         (a—cO  — (&— c)=0. 
Call      (a.-^)-(6-c)=2m. 
When  m  is  positive,  the  line  points  downward; 
"      m "  negative,  "     "       "       upward. 

To  adjust:  if  the  line  points  up,  sight  the  horizontal  cross- 
fire (by  moving  the  vertical  tangent  screw)  at  a  point  which  is 
t  lower,  then  adjust  the  bubble  so  that  it  is  in  the  center. 

Sy  taking  several  independent  values  for  a,  b.  c,  and  d,  a  mean  value 
>r  m  is  obtained,  which  is  more  reliable  iuid  which  may  save  much  un- 
scessary  working  of  the  adjusting-screws. 

b.  Using  an  auxiliary  level.  When  a  carefully  adjusted  level 
I  at  hand,  this  adjustment  may  sometimes  be  more  easily 
lade  by  setting  up  the  transit  and  level,  so  that  their  lines  of 
ollimation  are  as  nearly  as  possible  at  the  same  height  If  a 
oint  may  be  found  which  is  half  a  mile  or  more  away  and 
rhich  is,  on  the  horizontal  cros»-wire  of  the  level,  the  horizontal 
ross-wire  of  the  transit  may  be  pointed  directly  at  it,  and  the 
ubble  adjusted  accordingly.  Any  slight  difference  in  the 
eights  of  the  lines  of  coUimation  of  the  transit  and  level  (say 
'')  may  almost  be  disregarded  at  a  distance  of  J  mile  or  more, 
r,  if  the  difference  of  level  would  have  an  appreciable  effect, 
ven  this  may  be  practically  eliminated  by  making  an  estimated 
llowance  when  sighting  at  the  distant  point.  Or,  if  a  distant 
►oint  is  not  available,  a  level-rod  with  target  may  be  used  at  a 
iistance  of  (say)  300  feet,  making  allowance  for  the  carefully 
istermined  difference  of  elevation  of  the  two  lines  of  collimation. 

5.  Zero  of  vertical  circle.  When  the  line  of  collimation  is  truly 
lorizontal  and  the  vertical  axis  is  truly  vertical,  the  reading 
►f  the  vertical  circle  should  be  0®.  If  the  arc  is  adjustable, 
t  should  be  brought  to  0°.  If  it  is  not  adjustable,  the  index 
rror  should  be  observed,  so  that  it  may  be  applied  to  all  readings 
»f  vertical  angles. 

ADJUSTMENTS  OF  THE  WYE  LEVEL. 

1.  To  make  the  line  of  collimation  coincide  with  the.  center  of 
he  rings.     Point  the  intersection  of  the  cross-^rcs  at  some 
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well-defined  point  which  is  at  a  conmderable  HStf^w^if^ 
strument  need  not  be  level^  which  allows  much  great 
in  choosing  a  convenient  point.  The  vertical  ^yn^  i 
clamped,  and  the  clips  over  the  wyes  should  be  looc 
raised.  Rotate  the  telescope  in  the  wyes.  Tlie  inten 
the  cross-wires  should  be  continually  on  the  jximt.  If 
it  requires  adjustment.  Rotate  the  telescope  180^  ai 
one-half  of  the  error  by  means  of  the  capstan-headed  ae 
move  the  cross-wire  ring.  It  should  be  remembered  f 
an  erecting  telescope,  on  account  of  the  myeTsiQii  of  ti 
the  ring  should  be  moved  in  the  directioii  of  the  appan 
Adjust  the  other  half  of  the  error  with  the  levelini 
Then  rotate  the  telescope  90^  from  its  usual  posili 
accurately  at  the  point,  and  then  rotate  180^  from  thai 
and  adjust  any  error  as  before.  It  may  lequiie  aeves 
but  it  is  necessary  to  adjust  the  ring  until  the  inten 
the  cross-wires  will  remain  on  the  poiDi  for  any  po 
rotation. 


If  such  a  test  is  made  on  a  very  distant  pcunt  and 
10  or  15  feet  from  the  instrument,  the  adjustment  may  be  foa 
for  one  point  and  incorrect  for  the  other.  This  indioatos  thai  1 
slide  is  improperly  centered.  Usually  this  defect  oan  on|jf  ba  ea 
an  instrument-maker.  If  the  difference  is  vary  small  It  may  t 
but  the  adjustment  should  then  be  made  on  a  point  whSoh  kl  at 
mean  distance  for  usual  practice — say  150  feet. 

If  the  whole  imaise  appears  to  shift  as  the  tdesoopa  la  ratatu 
cates  that  the  eyepiece  is  improperly  adjusted.  Thla  (infaot  ] 
usually  corrected  only  by  the  maker.  It  does  not  intarfaiw  w 
mental  acc\u>acy,  but  it  usually  causes  the  iiilfriwnllnn  of  tha  < 
to  be  eccentric  with  the  field  of  view. 

2.  To  make  (he  axis  of  the  levd-tvbe  pcaraUd  to  ike  Hne 
maiion.  Raise  the  clips  as  far  as  posnble.  Swing  \ 
so  that  it  is  parallel  to  a  pair  of  opposite  Inrrling  hoi 
clamp  it.  Bring  the  bubble  to  the  middle  of  the  tube  1 
of  the  leveling-screws.  Take  the  telescope  out  of  the  i 
replace  it  end  for  end,  using  extreme  care  that  the  ivjrei 
jarred  by  the  action.  If  the  bubble  does  not  come  to  tb 
correct  one-half  of  the  error  by  the  vertical  adjmtfaq^ 
one  end  of  the  bubble.  Correct  the  other  luilf  by  the 
-screws.  Test  the  work  by  again  changing  the 
end  in  the  wyes. 

Care  should  be  taken  while  making  this 
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liat  the  level-tube  is  vertically  undel*  the  telescope.    With  the 

Bubble  in  the  center  of  the  tube,  rotate  the  telescope  in  the  wyes 

:,  or  a  considerable  angle  each  side  of  the  vertical.     If  the  first 

^Mtif  of  the  adjustment  has  been  made  and  the  bubble  moves,  it 

vhows  that  the  axis  of  the  wyes  and  the  axis  of  the  level-tube 

^re  not  in  the  same  vertical  plane  although  both  have  been  made 

'horizontal.    By  moving  one  end  of  the  level-tube  Mewise  by 

'means  of  the  horizontal  screws  at  one  end  of  the  tube,  the  two 

'^xes  may  be  brought  into  the  same  plane.    As  this  adjustment 

is  liable  to  disturb  the  other,  both  should  be  alternately  tested 

on  til  both  requirements  are  complied  with. 

By  these  methods  the  axis  of  the  bubble  is  made  parallel  to 
blie  axis  of  the  wyes;  and  as  this  has  been  made  parallel  to  the 
Juies  of  coUimation  by  means  of  the  previous  adjustment,  the 
mxis  of  the  bubble  is  therefore  parallel  to  the  line  of  collimation. 
3.  To  make  the  line  oj  coUimaiion  perpendicidar  to  the  vertical 
^ucis.  Level  up  so  that  the  instrument  is  approximately  level 
over  both  sets  of  leveling-screws.  Then,  after  leveling  carefully 
Dver  one  pair  of  screws,  revolve  the  telescope  180°.  If  it  is  not 
^evel,  adjust  half  of  the  error  by  means  of  the  capstan-headed 
screw  under  one  of  the  wyes,  and  the  other  half  by  the  leveling- 
^crewB.    Reverse  again  as  a  test. 

"When  the  first  two  adjustments  have  been  accurately  znade,  good  level- 
.as  may  always  be  done  by  bringing  the  bubble  to  the  center  by  means  of 
zia&  leveliagHSwrews,  at  every  sight  if  necessary,  even  if  the  third  adjust- 
Q&ent  is  not  made.  Of  course  this  third  adjustment  should  be  made  as  a 
matter  of  convenience,  so  that  the  line  of  collimation  may  be  always  level 
oo  matter  in  what  direction  it  may  be  pointed,  but  it  is  not  necessary  to 
atop  work  to  make  this  adjustment  every  time  it  is  found  to  be  defective. 

ADJUSTMENTS  OP  THE  DUMPY  LEVEL. 

'  1,  To  make  the  axis  of  the  level-tvbe  perpendicular  to  the  vertical 
oxis.  Level  up  so  that  the  instrument  is  approximately  level 
over  both  sets  of  leveling-screws.  Then,  after  leveling  care- 
fully over  one  pair  of  screws,  revolve  the  telescope  180®.  If 
it  is  not  level,  adjust  one-half  of  the  error  by  means  of  the  adju3t- 
ing^screws  at  one  end  of  the  bubble,  and  the  other  half  by 
means  of  the  leveling-screws.    Reverse  again  as  a  test. 

2.  To  make  the  line  of  collimation  perpendicular  to  the  rerlical 
axis^  The  method  of  adjustment  is  identical  with  that  for 
the  transit  (No.  4,  pi.  505)  except  that  the  cross-wire  must  be 


620 


RAILROAD"  CONSTRUCTION. 


adjusted  to  agree  with  the  level-bubble  rather  than  tnee  i 
is  the  case  with  the  corresponding  adjustment  of  the 
i.e.,  with  the  level-bubble  in  the  center,  laiae  or  lower  the! 
zontal  cross-wire  until  it  points  at  the  mark  -known  to  l»  •] 
a  level  with  the  center  of  the  instruments     ■ 

If  the  instrument  has  been  well  made  acnd  ha»  not 
torted  by  rough  usage,  the  cross-wires  will  interaeet  al 
center  of  the  field  of  view  when  adjusted  as  described*    If  i 
do  not,  it  indicates  an  error  which  ordinarily  can  only  be 
rectcd  by  an  instrument-maker.    The  emxr  may  be  duB  Ioj 
one  of  several  causes,  which  are 

(a)  faulty  centering  of  object-slide; 

(b)  faulty  centering  of  eyepiece; 

(c)  distortion  of  instrument  so  that  the  geometrio  ani^ 
the  telescope  is  not  perjiendiciilar  to  the  vertical  axie^  :  If 
error  is  only  just  perceptible,  it  will  not  pxtibably 
>rror  in  the  work. 


AZIMUTH. 

The  azimuth  of  a  line  on  the  surface  of  the  earth  is  its 
with  a  true  meridian  through  a  point  on  the  line.     It  ii 
true  bearing  as  distinguished  from  "magnetic 
eral  law  requires  that  all  surveys  of  government  lands  aloll 
made  by  ''  Solar  Observations  ''  (rather  than  with  the 
needle)  so  as  to  obtain  true  bearings. 

Solar  Azimuth  may  be  obtained  in  two  general  ways,  (a) 
direct  observation  on  the  sun  with  an  ordinaiy  "  oonq^Mi' 
transit,  provided  with  a  colored  glass  shade,  and  (b)  by  tiK ' 
of  a  "  solar  attachment  "  or  a  solar  compaaek     The 
only  requires  as  special  equipment  a  colored 
but  a  few  dollars,  but  it  requires  the  separaie  aolutioik^il 
mula  for  each  observation  made.    Even  the  CKdored 
is  not  always  necessary — as  when  the  diso  of  the  mui  to- 
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through  thin  clouds  and  is  not  too  bright  to  be  observed  with  the 
liaked  eye.  The  "  colored  glass  shade  "  may  be  merely  a  piece 
of  colored  glass  fitted  over  the  eye-piece,  or  the  glass  may  be 
set  into  a  frame  very  similar  to  the  object  glass  cover  and  readily 
taken  ofif  and  put  on.  In  the  latter  case  the  glass  must  be 
"  optically  perfect,"  i.e.,  with  the  sides  perfectly  plane  and 
parallel,  so  that  there  shall  be  no  refraction  of  the  image^  or 
such  glass  as  is  used  for  the  sun  shade  of  a  sextant. 

The  second  method  (6)  does  not  require  any  calculation  of  a 
formula;  the  true  meridian  is  given  directly  but  it  requires  the 
use  of  a  special  instrument,  whose  adjustments  must  be  made 
with  great  care  or  the  resulting  azimuth  will  often  be  in  error  by 
a  much  larger  amount  than  the  error  in  the  adjustment.  A 
proper  appreciation  of  either  mi^thod  requires  an  understand- 
ing  of  certain  astronomical  relation;: 


Fia.  1. 

Fig.  1  represents  the  orthographic  projection  of  the  cel^ial 
sphere,  projected  on  the  plane  of  the  meridian  of  the  observer. 
H  P  Z  E  represents  the  meridian  of  the  observer. 

Z  =  the  zenith. 
CP  =  the  polar  axis  of  the  earth. 
C-&  =  the  plane  of  the  equator. 

/S  =  the  position  of  the  sun. 
^Z  =  the  latitude  of  the  observer  =  0. 
ZP=9O°-0=co<^. 
SG  =  the  true  altitude  of  the  sun  =  A. 

SZ  =  90° -h-^coh.  ..." 

ST  =  the  declination  of  the  sun,  north  or  south  of  the  eq\ia,Ua 

>SP  =  90°  — &=co  6,  also  called  p=polaj  diBtanoe.;  .      ^ 
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The  essential  sign  of  6  must  be  considered.  If  the  mil 
south  of  the  equator  (as  it  is  from  about  September  21  to  Mtfdl 
21),  5  is  negative  and  if  the  declination  is  (say)  S  20**,  a-'tf.| 
Then  CO  5  =  90*'-5  =  90*'-(-20*»)  =  110^ 

Z=the  angle  from  the  position  of  the  sun  to  the  true  noitk>| 
the  spherical  angle  SZP.    A  is  its  supplement » 180** —Z. 

Of  several  possible  formulae,  the  U.  S.  Coast  and  GeocMrl 
Survey  prefer  the  following: 


CotM 


-ji 


sin(iS-»)sin(^~A) 

COSiS  C08(iS— p)       ^ 


in  which  5=J(^+A-f  p). 

The  sun  describes  each  day  a  path  which  is  approiiinridtj 
parallel  with  the  equator,  the  change  in  declination  beboc 
small  during  June  and  December  and  fastest  when  the 
crossing  the  equator  in  March  and  September,  the  greatest 
of  change  being  about  59  seconds  of  arc  per  hour.     The 
tion  of  the  sun  must  be  known  for  the  time  of  observatioii. 
is  obtainable  from  the  Nautical  Almanac  or  EIphemeriB. 

Example. — Declination  for  Philadelphia,   Feb.   20,   10Hi 
8:10  A.  M.,  standard  time,  75th  meridian.     Sinoe  " 
time ''  is  a  definite  time  interval  from  Greenwich 
timC)  we  may  use  it  here  regardless  of  precise  longitude  or: 
local  time,  8:10  A.  M.  on  the  75**  meridian  is  1:10  P.  M. 
time,    at     Greenwich.      1.17^X53".64  »  62".58-l'  2".6 
-im'M-f-0M'2".6=-ir5'58".6  which  is 
nation. 

Refraction.    Refraction  causes  the  sun  to  appea: 
it  actually  is.    Therefore  when  the  altttude  of  the  sun  ii 
the  computed  refraction  should  be  subtrtcted  from  the 
altitude  to  obtain  the  true  altitude.    The  amount  of  the'il 
tion  is  a  very  complicated  function  of  the  temperatura 
the  barometric  pressure.    For  refined  astronondoal  woA 
refraction  tables  should  be  used,  making  due  aUdiwaaM 
temperature  and  pressure,  but  for  such  woik  as  magr  be- 
with  an  ordinary  transit  the  values  given  in  the  folloMli^ 
will  suffice.  -'^ ' 

Angular  diameter  of  sun.    The  sun's  aiigi«lBr 
about  0°  32'.     With  the  comparatively  high 
now  generally  used  on  transits,  this  fills  a  hurge      irt  <iff  IIaI 
of  view  and  it  is  impossible  to  accurately  %■ 
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BAN    REFRACTIONS — [bESSEL]  TRUE    FOR  BAROMETER  AT  29".6, 

TEMP.   48**   F. 


Alt. 

Refr. 

Alt. 

Refr. 

Alt. 

Refr. 

o°  0' 

34'  54" 

1**  30^ 

20^  51" 

5°  0' 

9'  46" 

10 

32  49 

40 

19  52 

30 

9  02 

20 

30  52 

50 

18  58 

6   0 

8  23 

30 

29  03 

2   0 

18  09 

30 

7  49 

40 

27  23 

30 

16  01 

7   0 

7  20 

50 

25  50 

3   0 

14  15 

30 

6  53 

1°  0 

24  25 

30 

12  48 

8   0 

6  30 

10 

23  07 

4   0 

11  39 

30 

6  08 

20 

21  56 

30 

10  40 

9   0 

5  49 

Alt. 

Refr. 

Alt. 

Refr. 

Alt. 

Refr. 

9*»  30' 

5'  32" 

18'> 

2'  56" 

30° 

1'  40" 

10   0 

5  16 

19 

2  46 

35 

1  22 

11   0 

4  48 

20 

2  37 

40 

1  09 

12   0 

4  25 

21 

2  29 

45 

0  58 

13   0 

4  05 

22 

2  22 

50 

0  48 

14   0 

3  47 

23 

2  15 

60 

0  33 

15   0 

3  32 

24 

2  09 

70 

0  21 

16   0 

3  19 

26 

1  58 

80 

0  10 

17   0 

3  07 

28 

1  48 

90 

0   0 

».M.  Xi 
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gular  width  especially  as  the  apparent  motion  of  the  sun  across 
e  field  of  view  is  very  rapid.  It  therefore  becomes  advisable 
hen  sighting  directly  at  the  sun  with  the  transit  telescope)  to 
jht  the  cross  wires  on  the  edges  of  the 
[1,  as  shown  in  Fig.  2,  and  make  due 
owance  for  the  semi-diameter  of  the 
n.  The  effect  of  this  is  to  obtain  an 
iitude  which  differs  from  the  true  alti- 
de  by  the  angular  value  of  the  semi- 
imeter.  The  observed  azimuth  differs 
)m  the  true  azimuth  by  the  semi- 
imeter-^cos  h.  When  the  sun  is  at 
B  horizon,  cos  h  =  l,  and  the  allowance  equals  the  semi-diameter 
th  for  altitude  and  azimuth.  For  higher  altitudes  the  allow- 
ce  for  azimuth  is  much  larger  than  the  semi-diameter,  since 
3  divisor  (cos  h)  is  small.  If  several  observations  are  taken 
thin  a  short  interval,  the  change  in  this  allowance  for  azimuth 
ring  this  short  interval  may  be  too  small  for  notice  and  one 
lue  may  be  suflSciently  accurate  for  all  the  observations. 
There  is  a  slight  variation  in  the  semi-diameter  as  is  shown  in 
;  accompan3ring  tabular  form,  giving  average  values,  which 
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mdy  he  uEcd  by  interpolation,  if  a  closer  value  than  t 

minute  is  desired. 


Time. 

Seini-Hliam.  of  the  Sun 
in  minutes  of  arc. 

Jan.  1 .  . . . 
Ap'il  1 .  .  . 

Jyly  1 

Oct.  1 

16'.30  (max) 

16.03 

15  .76  (min) 

16.01 

r«=iiefp 
^■■decl 


Latitude.  If  the  latitude  of  the  place  of  observat 
known  to  the  nearest  minute,  it  may  readily  be  ofa 
observing  the  altitude  of  the  sun  at  culmination  at  n< 
horizontal  cross  wire  should  be  sighted  at  the  upper  (or 
edge  of  the  disc  of  the  sun. 

If  d  =  angular  diameter  of  sun 
<^=  latitude 
/i'= observed  anglje  of  elevation 

I 

I 
then  <t>'=90''-lh'-r-8±id] 

ih  which  J  (/  is -H  for  an^ observation  on  the  lower  edge, 
and  \  d  is  — for  an  observation  on  the  upper  edge. 

Set  up  the  transit  scvenil  minutes  before  noon,  t^^king 
time  to  level  up  with  the  utmost  care.  Set  the  horuo: 
wire  on  the  ui)pcr  (or  lower)  edge  of  the  sun  and  with  th 
screw  follow  the  motion  of  the  sun.  As  the  requiiec 
found  at  culmination,  the  motion  of  the  telescope  sho 
when  the  highest  altitude  is  obtained  and  the  sun  1 
descend. 

Azimuth  by  an  Observation  with  the  transit  telesa 
up  the  transit  at  a  convenient  station  from  which  an  unol 
view  of  the  sun  may  l)e  ol)tained  at  all  times  and  fron] 
convenient  permanent  azimuth  mark  (e.g.,  a  distant  b 
chinmey)  may  be  ol)8erved.  Point  at  the  aiirouth  m 
the  horizontal  plates  rc\ading  zero.  With  the  upper  ph 
point  at  the  sun  observing  the  time,  altitude  and  the  fa 
angle  from  the  azimuth  mark.  Three  or  more  such  obai 
are  generally  aiivisable,  especially  as  theiy  Are.  ao  ea 
quickly  taken  and  are  such  a  valuable  check  on  eaoh  o 
» observation  may  be  vitiated  by  some  inaccuraqy  ai 
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in  manipulation  or  reading  which  would  not  be  discovered  unless 
,,more  than  one  observation  is  taken,  in  which  case  the  error 
would  hardly  be  precisely  repeated  both  in  nature  and  amount. 
Finally,  point  at  the  azimuth  mark  to  test  whether  the  lower 
plate  has  slipped.  The  reading  on  the  azimuth  mark  should 
beO°. 

Reducing  the  Observations.  Compute  the  declinations  for 
the  given  times  of  observation.  If  several  observations  are 
taken,  it  is  generally  best  to  compute  the  declinations  for  the 
times  of  the  first  and  last  observations  and  interpolate  for  the 
others.  The  observations  may  most  readily  be  reduced  by  using 
a  regular  form  as  given  below.  The  six  observations  quoted 
were  taken  in  15  minutes  by  one  of  the  author's  students. 


1 

Semi- 

Apparent 
Altitude 

a 

h 

S 

I  Z 

diam. 

True  Azi. 

Time 

cos.ap. 

of  Mark. 

alt. 

4:50 

22°  48'.5 

237°  41' 

22°  30'.3 

14°  45'.r) 

89°  16'.6 

17'.2 

213°  19'.6 

4:53 

22  12  .5 

238  11 

21  54  .3 

45  .6 

88  46  .6 

17.2 

19.6 

4:  no 

21  44  .5 

238  34 

21  26  .2 

45  .() 

&8  23  .3 

17  .1 

19.8 

4:.'xS 

21  19  .0 

238  55 

21   0.7 

45.7 

88  02  .4 

17  .1 

19.7 

5:00 

20  49  .5 

239  19  .5 

20  31  .1 

45.7 

87  38  .0 

17.0 

19.5 

5:03 

20  28  .0 

239  38  .0 

20   9.5 

14  45.7 

87  19  .9 

17  .0 

213  19.1 

Mean  =  213°19'.55. 

Observations  taken  Apr.  29,  1897:    Semi-diam.  of  Sun  15'.9. 
Sun  observed  in  lowev  left-hand  corner. 

a  =  horizontal  angle  to  azimuth  mark,  the  angle  being  measured 

to  the  right. 
/i=app.  alt.  — refraction  — semi-diam.  of  sun;    semi-diam.  is 

H-when  sun  is  above  hor.  cross  wire,  —when  below. 
5  —  declination,  and  Z  =  computed  angle  (as  illustrated  below). 


rr,  .11.         r      ^.^o      Semi-diam.      „         .       ,.  , 

True  azimuth  of  mark  =  540  =t —ztZ—a,  in  which 

cos.  app.  alt. 

.    _  _        _     -     ^  ..,        ,   ,      Semi-diam.  . 
Z  is+for  A.  M.  and  — for  P.  M.  and  the :-is+when  tho 


cos.  app.  alt. 

sun  is  on  the  left  of  the  middle  wire  (as  above); 
is  —  when  the  sun  is  on  the  right  of  the  middle  wire. 


Semi-diam. 
c«)s.  app.  alt. 


—RADII  OF  CURVES. 


— ItADII  OF  CURVES. 


TABLE  I.— RADII  OF  CURVES. 


idiuS' 


8 
7 
5 
4 
3 

1 
0 
9 
7 
6 

5 

4 
2 

1 
0 

9^ 
8 

6 
5 
4 

3 
2 
0 
9 
8 

7 
6 
5 
3 
2 

1 
0 
9 
8 
7 

8 
5 
3 

2 

1 

0 
9 
8 
7 
6 

5~ 

4 

3 

2 

1 

0 
9 
8 
7 
6 

5 
4 
3 

2 

1 

0 

34 
02 
71 
40 
10 

81 
53 
25 
98 
72 

46 
21 
97 
73 
50 

28 
06 
85 
65 
45 

26 
07 
89 
72 
56 

40 
24 
09 
95 
81 

68 
56 
44 
33 
22 

12 
02 
93 
84 
76 

69 
62 
56 
50 
44 

40 
35 
32 
28 
26 

23 
22 
20 
19 
19 

19 
20 

21 
23 
25 

28 

logR 


2 


2 


67973 
6785S 
67734 
67611 
67495 

67375 
6725S 
67145 
67022 
66905 

66788 
66671 
66555 
66439 
66323 

66207 
66092 
65977 
65863 
6574S 


65634 
65521 
65407 
6529i 
6_518T 

65069 
64957 
64845 
64733 
64622 

6451 

6440 

64290 

64180 

64070 

63965 
63851 
63742 
63633 
B3521 


h 


63416 
63308 
63201 
63093 
62086 

6'2379 
62773 
62665 
62560 
62453 

62349 
62243 
62138 
62034 
6192§ 

61825 
61721 
61617 
61514 
61415 

61307 


Deg. 


14° 

2 
4 
6 
8 

10 
12 
14 
16 

Jl? 
20 
22 
24 
26 

_28 

30 
32 
34 
36 
_38 

40 
42 
44 
46 
48 


50 
52 
54 
56 
58 

15° 

2 

4 

6 

_8 

10 
12 
14 
16 
18 


20 
22 
24 
26 
28 

30 
32 
34 
36 
38 

4C 
42 
44 
46 
_48 

50 
52 
54 
56 
58 

16° 


Radius. 


410 
409 
408 
407 
406_ 

405 

404 

403. 

402 

401. 

28 
31 
34 
38 
>2 

47 
53 
58 
65 
71 

400. 

399. 

398 

398 

397 

396. 
395. 
394. 
393. 
392. 

39l'. 
390. 
389- 
389. 
388. 

3V7. 
386. 
385- 
384. 
383. 

383 

382. 

381 

380. 

379. 

378. 

378 

377. 

376. 

375. 

374. 
373. 
373. 
372. 
371 

370 

369. 

369 

368 

367 

3'66 
366 
365 
364 
363 

363 
362 
361 
360 
360 

359 

78 
86 
94 
02 
11 

20 
30 
40 
50 
61 

72 
84 
96 
08 
21 

34 
48 
62 
77 
91 

06 
22 
38 
54 
71 

88 

05 
23 
41 
60 

79 
98 
17 
37 
57 

78 
99 
20 
42 
64 

86 
09 
31 
55 
78 

02 
26 
51 
76 
01 

26 

logR 


2 


2 


61307 
61205 
61102 
61000 
6O808 


Deg. 


60796 
6069i 
60593 
60492 
60391 


60291 
60195 
60095 
59995 
59891 


59791 
59692 
59593 
59494 
59396 


59298 
59199 
59102 
59001 
58907 


58809 
58713 
58616 
58519 
58423 


58327 
58231 
5813S 
58045 
57945 


57850 
57755 
57661 
57566 
57472 


57378 
57281 
57191 
57097 
57004 

5691T 
56819 
56726 
56634 
56542 


56450 
56358 
5626G 
56175 
5608J 

55993 
55902 
55812 
55721 
55131 

55541 


16 

5 
10 
IS 

20 
25 


30 
35 
40 
45 
50 
_55 

17° 

5 

10 

15 

20 

_2_5 

30 
35 
40 
45 
50 
55 


18° 

5 
10 
15 
20 
25 


30 
35 
40 
45 
50 
55 

19° 

5 
10 
15 
20 
25 


30 
35 
40 
45 
50 
55 


20° 

5 
10 
15 
20 
25 


30 
35 
40 
45 
50 
55 


21' 


Radius. 


359 
357 
355 
353 
351 
350 


348 
346 
344 
343 
341 
339 


338 
336 
335 
333 
331 
330 

328 
327 
325 
324 
322 
321 


319 
318 
316 
315 
313 
312 

311 
309 
308 
306 
305 
304 

302 
301 
300 
299 
297 
296 

295 
294 
292 
291 
290 
289 


287 
286 
285 
284 
283 
282 


280 
279 
278 
277 
276 
275 

274 


26 
42 
59 
77 
98 
21 


Log-B 


45 
71 
99 
29 
60 
93 


27 
64 
01 
41 
82 
24 

68 
13 
60 
09 
59 
10 


62 
16 
71 
28 
86 
45 

06 
67 
30 
95 
60 
27 

94 
63 
33 
04 
77 
50 

25 
00 
77 
55 
33 
13 


94 
76 
58 
42 
27 
12 


99 
86 
75 
64 
54 
45 

37 


2 


55541 
55317 
5509^ 
54872 
54652 
54432 


54214 

53997 

53780 

5356 

5335 

53138 


Deg, 


21° 

10 
20 
30 
40 


Radius 


274 
272 
270 
268 
266 


50  264 


52927 
52716 
52506 
52297 
52090 
51883 


51677 
51472 
51269 
51066 
50861 
50663 


50464 
50265 
50067 
49865 
49673 
49478 


27° 

30 
49284128° 


49095 
48898 
48706 
48515 
48325 

48136 
47948 
47765 
4757? 
47388 
47203 

47018 
46835 
46652 
46471 
46289 
46109 


45930 
45751 
45573 
45396 
4521S  ^^ 
45044  41 


44869 
4469i 
44521 
44348 
44176 
44001 


43833 


22° 

10 
20 
80 
40 
50 


23° 

10 
20 
30 
40 
_5p 

24° 

10 
20 
30 
40 
50 

25° 

30 
26° 

30 


30 


29° 

30 

30° 

30 


31° 
32 
33 
34 

?5 

36 
37 
38 
39 
40_ 

4i~ 

42 

43 

44 

45_ 

46 


48 
49 

62 
54 
56 

58 
60 


262 
260 
258 
256 
254 
252 


250 
249 
247 
245 
243 
242 

240 
238 
237 
235 
234 
232 


231 
226 
222 
218 


214 
210 
206 
203 

199 
196 
193 
190 

187 
181 
176 
171 
166 

161 
157 
158 
149 
146 


142 
139 
136 
133 
130 

127 
125 
122 
120 
118 


114 
110 
106 
108 
100 


37 
23 
13 
06 
02 
02 


Log  IK 


04 
10 
18 
29 
43 
60 

79 
01 
26 
53 
82 

14 
49 
85 
24 
65 
08 
54 


01 
55 
27 
15 


18 
36 
68 
IS 

Vo 

38 

19 
09 

lb 
40 
05 
02 
28 

80 
58 
58 
79 
19 

77 
52 
48 
47 
66 

97 
39 
93 
57 
81 


06 
13 
50 
13 
00 


43831 

4349^ 

4315! 

4282! 

42492 

42163 


41837 

41513 

4119 

4087 

40557 

40243 


30931 

39622 

3931( 

3901 

3870 

3840! 


38109 
37818 
37519 
37227 
36937 
36649 


36363 
35517 
34688 
33875 


3307 
3229 
3152 
30771 


3008) 
298li 
2859 
27891 


27207 

25868 

2456 

2380 

2208S 


20899 
19749 
186SS 
17547 
16492 


15462 
14464 
13489 
12539 
11618 


10709 
09827 
08965 
08124 
07302 


05718 
04193 
02786 
01840 
OOOOO 


G31 


A 

T-g. 

E<l. 
Oist. 

a 

h. 

I.e. 

1° 

so.m 

0.   18 

I  O.DC 

JO' 

1      .87 

ea-s; 

30 

TS-OI 

o:   81 

40 

0     0( 

1      .61 

91  at 

1  a-sa 

It'' 

ioo  01 

1      -88 

10 

1-     2; 

2      .86 

2      -3 

80 

125^02 

1.   i 

to 

1.  5; 

2    :fl 

JO. 

3" 

150 -Oi 

1.   84 

2  8-97 

10 

3-   8 

3  e.c: 

IDB  71 

2.   2 

30 

175  oe 

S.    7 

40 

3     84 

3  8.6 

3.   0 

_ 

"4°' 

200~08 

3.« 

~3~9-fl2 

10 

208.43 

3-78 

4     -5 

218. 7i 

408 

30 

>25.i: 

4. 42 

449:88 

40 

4.75 

4     .64 

SO 

jSlJl 

510 

_4  3-2( 

- 

s" 

MO.  If 

B  4S 

10 

9.82 

5     :5c 

288 : 81 

5      .11 

30 

275.2] 

8^801 

40 

7  013 

5       H 

391  r. 

7  43 

IT" 

300. 2> 

'7. 883 

598   73 

8. 30; 

81     3C 

118  9( 

833  .  02 

135. 3! 

b:33( 

848-88 

88   .30 

so 

142: 0( 

882 . 94 

7° 

10-707 

68     57 

)SI   8] 

71     21 

SO 

387-17 

73    .84 

to     75. 64 

12-294 

40     R3-BI 

78    .10 

Sol   02.30 

78    .73 

H'  1  00. ee 

13-B"91 

78    -88 

10  I40R.OS 

81    .89 

so  417-41 

83   .01 

15-799 

18.128 

86   .86 

B0J44j:5S 

nnfls 

,88   ,47 

ft°   450  M 

IT  71' 

890  OC 

10  499.33 

81     7C 

20   4B7   71 

19-746 

40  4B4-4i 

96    .53 

GO  492-88 

98     14 

iW'SOl.za 

^i  ^5 

■J 

10   iOi  88 

SO  518  as 

''3.37 

03     95 

ADiS2e-4l 

24:01 

'?] 

25.70 

08   .73 

70 

28.500 

10S8.J.3 

■- 

TABLE   II.— TANGENTS,  EXTERNAL  DISTANCES,  AND  LONG  CHORDS 

FUR  A  1°  CURVE. 


A 

Ext. 

Dist. 

A'. 

Long 
Chord 

A 

41° 

10 
20 
30 
40 
50 

42° 

10 
20 
30 
40 
50 

43° 

10 
20 
30 
40 
50 

44° 

10 
20 
30 
40 
50 

45°' 
10 
20 
30 
40 
50 

46° 

10 
20 
30 
40 
50 

47° 

10 
20 
30 
40 
50 

48° 
10 
20 
30 
40 
50 

49° 

10 
20 
30 
40 
50 

50° 

10 
20 
30 
40 
50 

51' 

Ta^ff. 

Ext. 
Dist. 

Long 
Chord 

A 

51° 

10 
20 
30 
40 
50 

53° 
10 
20 
30 
40 
50 

53° 

10 
20 
30 
40 
50 

54° 

10 
20 
30 
40 
50 

55° 
10 
20 
30 
40 
50 

56° 

10 
20 
30 
40 
50 

57° 

10 
20 
30 
40 
50 

58° 
10 
20 
30 
40 
50 

59° 

10 
20 
30 
40 
50 

60° 

10 
20 
30 
40 
80 

61° 

Tang. 

Ext. 
Dist. 

Long 
Chord 
JLV, 

31°, 

10' 

20 

30 

40 

50 

1589 
1598 
1606 
1615 
1624 
1633 

0 
0 
.l> 
9 
9 
9 

216 
218 
221 
223 
215 
228 

25 

■  66 

■  08 

■  51 

■  96 
42 

3062 
3078 
3094 
3110 
3126 
3142 

3158 
3174 
3190 
3206 
3222 
3238 

4 

4 

■  5 
5 

■  6 
6 

6 
6 
6 
6 
6 
6 

2142-2387 
2151.7  390 
2161-2  394 
2170-8  397 
2180. 3  400 
2189-9  404 

-38  4013 

-714028 

06  4044 

-43  4069 

■  82  4076 
.  22  4091 

-64  4106 

■  07  4122 

■  52  4137 
99  4158 

■  48  4168 
98  4184 

50  4199 
04  4215 
.  59  4230 
16  4246 
76  4261 
35  4277 

-1 
-7 
.3 
.9 
-6 
1 

■  b 

■  2 

■  7 

■  3 

■  8 
8 

8 
3 
8 
3 
8 
3 

2732 
2743 
2753 
2763 
2773 
2784 

■  9 

■  1 

■  4 
.7 

■  9 

■  2 

618 
622 
627 
631 
636 
640 

645 
649 
654 
658 
663 
668 

672 
677 
681 
686 
691 
696 

700 
705 
710 
715 
720 
724 

729 

734. 

739 

744 

749 

754. 

759. 
764. 
769. 
774. 
779. 
784. 

■39 

■  81 
.24 
.69 

16 
66 

17 
70 

■  25 
83 

.42 
08 

■  66 
32 

.99 
68 

■  4C 
13 

89 
66 
46 
28 
11 
97 

85 
76 
68 
62 
59 
57 

58 
61 
66 
73 
83 
94 

08 
24 
42 
62 
85 
10 

4933 
.4948 
4963 
4978 
4998 
5008 

.4 
4 

.4 
4 

4 
4 

33° 

10 
20 
30 
40 
60 

1643 
1652 
1661 
1670 
1679 
1688 

0 

•  0 
0 
0 

•  1 
1 

230 
233 
235 
2SS 
240 
243 

24G 
248 
251 
253 
256 
269 

261 
264 
267 
269 
272 
275 

278 
280 
283 
286 
289 
292_ 

294 

297. 

300- 

303- 

306- 

309. 

.90 

39 

.9C 

■  43 
96 
52 

■  08 
66 
26 
87 
50 

.14 

80 
47 
16 
86 
68 
31 

05 
82 
60 
39 
20 
02 

86 
72 
59 
47 
37 
29 

2199-4,407 
2209-0411 
2218-6:414 
2228-1417 
2237-7  421 
2247-3  424 

2794 
2804 
2815 
2825 
2635 
2S^ 

2856 
2867 
2877 
2888 
2898 
2908 

■  5 

■  9 

■  2 

■  6 

■  9 

■  3 

.7 
.1 
.5 
0 
4 
.9 

5023 

5038 

5058 

5068 

5088. 

&C98 

5118 
5128 
5142 
5157 
5172 
5187 

4 
4 

4 
3 
3 

2 

33° 

10 
20 
80 
40 
60 

1697 
1706 
1715 
1724 
1733 
1742 

■  2 
3 
3 
4 
5 
6 

7 
8 

0 
1 
2 
4 

6 
7 
9 
1 
3 
5 

7 
9 

1 
4 
6 
9 

1 
4 
7 
0 
3 
6 

9 

2 

r 
* 

0 

2 

6 

3254 
3270 
3286 
3302 
3318 
3334 

3350 

3366 

3382 

3398 

3414. 

3430. 

3445. 
3461- 
3477. 
3493. 
3509. 
3525- 

3541. 
3557. 
3572. 
3588. 
3604. 
3620. 

3636 . 
3651- 
3667. 
3683. 
3699. 
3715. 

6 
6 
6 
5 
5 
_4 

4 
3 
2 
2 
1 
_P 

9 
8 
7 
5 
4 
'3 

1 
0 
8 
6 
5 
3 

1 
9 
7 
5 
3 
0 

2257-0 
2266-6 
2276.2 
2285- 9 
2295-6 
2305-2 

428 
'432 
'435 
439 
442 
446 

1 
0 
9 
8 
7 
6 

34°  1751 
10  1760 
20  1770 
80  1779 
40  1788 
60  1797 

2314. 9 
2324-6 
2334-3 
2344-1 
2353- 8 
2363-5 

2373-3 
2383-1 

2392. 8 
2402. 6 
2412-4 
2422. 3 

2432-1 

2441. 9 
2451. 8 
2461 ■ 7 
2471 . 5 
2481- 4 

2491-3 
2501. 2 
2511.2 
2521. 1 
2531  1 
2541. 0 

2551. 0 
2561. 0 
2571. 0 

2581. 0 
2591.1 

2601. 1 

449 
453 
457 
460 
464 
468 

472 

475 

479 

483 

487. 

490. 

494. 
498. 
502. 
506. 
510. 
514. 

518. 
522- 
526. 
530- 
534. 
538. 

542. 
546- 
550. 
554. 
558. 
562. 

98  4292 
62  4308 
27  4323 
95  4339 
64  4354 
_35  4369 

08  4385 
82  4400 
59  4416. 
37  4431. 
16  4446. 
98  4462 . 

82  4477. 
67  4492 . 
54  4508. 
42  4523 . 
33  4538- 
25  4554- 

7 
2 
6 
0 
5 
9 

3 
7 
1 
4 
8 
2 

5 
8 

2 
5 
8 

1 

4 
7 
9 
2 
4 
7 

9 
1 
3 
5 
7 
9 

1 
3 
4 
5 
7 
8 

9 
0 
1 
2 
2 
3 

4 

2919 
2929 
2940 
2951 

29/2 

2982 

2993 

3003 

3014. 

3025. 

3035- 

3046. 
3057. 
3087. 
3078. 
3089. 
3100. 

3110. 
3121. 
3132. 
3143- 
3154- 
3165. 

4 

9 
4 
0 
5 
1 

7 
3 
9 
5 
2 

5 
2 
9 
7 
4 
2 

9 
7 
6 
4 
2 
1 

0 
9 
8 
8 

7 
7 

7 
7 
7 
8 
8 
9 

0 
1 
3 
4 
6 
8 

5202 

5217 

5232 

5246. 

5261- 

5276. 

4 
8 
1 
9 
7 
6 

35°  |1806 
10  11815 
20  1824 
30:1834 
40  1843 
SO  1852 

36°  1881. 

,  10  11870. 
20  1880. 
80  1889- 
40  1898- 
50  1907. 

5291. 
5306. 
5320. 
5335- 
5350- 
5365. 

1:379. 
5894. 
5409. 
5423. 
5438- 
5468- 

5467. 
5482. 
6497. 
5511. 
5526. 
5541- 

3 

1 
9 

e 
4 

] 

8 
5 
3 
0 
6 
S 

37°  1917. 
10  1926- 
20  1935- 
30  1945. 
40  11954. 
50  1963. 

312. 
315. 
318. 
321. 
324. 
327. 

22 
17 
13 
11 
11 
12 

20 
16 
13 
13 
15 
18 

23 
30 
39 
50 
63 
77 

94 
12 
32 
54 
78 
04 

32 
62 
93 
27 
62 
00 

39 

4569. 
4584. 
4599. 
4615. 
4630- 
4645^ 

4660- 
4678- 
4691- 
4706- 
4721. 
4736. 

4752- 
4767. 
4782. 
4797. 
4812- 
4827. 

4842. 

4858. 

4873 

4888 

4903 

4918 

4933. 

790. 
795. 
800. 
805. 
810. 
816. 

9 
6 
2 
8 
4 
0 

38°  ■ 
10; 
20 
30 
40  , 
50 

39° 

10 
20 
SO 
40 
50 

1972. 

1982 

199] 

2000. 

2010 

2019 

330. 

333. 

336- 

339. 

342 

345 

348 

351 

354 

358. 

361. 

364. 

367. 
370. 
374. 
377. 
380. 
384. 

887' 

15 
19 
25 
32 
41 
52 

64 
78 
94 
11 
29 
50 

'72 
95 
20 
47 
76 
OB 

38 

3730. 

3746. 

3762. 

3778 

3793. 

3809- 

3825  ■ 
3840. 
3856. 
3872. 
3888. 
3903- 

3919. 
3935. 
3950. 
3966. 
3981. 
3997- 

4013. 

8 

5 
3 

0 
8 
5 

2 
9 
6 
3 
0 
6 

3 
0 
6 
3 
9 
5 

1 

3176^ 
3186. 
3197. 
3208. 
3219. 
3230. 

3241. 

3252 

3263 

3274 

3285 

3296 

3308 
3319 
3330 
3341 
3352 
3368 

821. 

826. 

831 

837. 

842 

848 

853 
858 
864 
869 
875 
880 

886 
891 
897 
90S 
908 
914 

m 

37 
66 
98 
31 
67 
06 

46 
88 
34 
82 
32 
84 

36 
95 
54 
15 
79 
45 

14 

5556  ■ 
5570. 
5684. 
5599. 
5613. 
5628 

5642 
5657 
5671 
5686 
5700 
5715 

6 
2 
7 
8 
8 
8 

2029 

2038 

2047 

2057. 

2066 

2076 

0 

t 

2 
6 
0 

4 
9 
3 
8 
3 
7 

2 

2611.2  566. 
2621.2571. 
2631.3"575 
2641. 4:579. 
2651.5'583 
2681. 6  588 

8 
8 
8 
S 
8 
2 

40°  ,2085 
10  '2094. 
20  2104. 
30  2113. 
40  2123 
50  2132. 

2671.8 
2681.9 
2692. 1 
2702. 3 
2712. 5 
2722. 7 

2732-9 

592 
596 
600 
605 
609 
614 

618 

5729 
5744 
5768 
5772 
5787 
5601 

5816 

7 

1 

■  S 

■  S 

■a 
.7 

41° 

2142 

3375 

1 

.c 

633 


TABLE  n. — TANQENTS,   EXTERNAL  DISTANCES,    AWO 
CHORDS    FOn   A  !•    CURVE. 


Correctinn  Tible  (alnnys  ndditive) 

I>Biw  of  ™r,-«. 

" 

If 

J! 

» 

TABLE   nA.      EXCESS  LENGTH   OF   STTB    CHORDS,       SEE  § 


TABLE  III.— SWITCH  LEADS  AND  DISTrtrJCES. 

:.    PUNCTCONa  OP  THB    FROa    ANOL 


Frog 

Frog  Ancle 

in. 

Nat. 

™'p. 

A 

i:i. 

A 

vi™-.. 

FJog 

I 

ir  25'  Ifi' 

ils!! 

.1980 
!l245: 

.98020 
: 99221 

9.29S7! 

:99B6( 

10-69481 

-84  b] 
.90  35 

8.2967) 

11 

e  21  ss 

4    46   19 

.11077 
'08315 

.9938; 
:9965; 

9  04441 
: 92007 

.99732 

1982! 
-99849 

10:99891 

11- 04051 

07842 

:  53981 

U 
16 

4    05  27 

06244 

■99745 
.9977! 

.85331 

si 

:i756J 

:  34631 

20 

l-l'Ah 

.0S551 

-111*1 

-7443i 
8 . 69869 

-9993J 

.25493 

.18807 
7.09663 

TABLE  111.— SWITCH  I,EAD3  AND  DISTANCB8~(7imli«i(d 

Ds,  vmna  STRAiOHT  pon<T-BAiijS  ahs 
n;  OAvm  i'  Bi".    See  { J  SOS  and  SU.. 


1 

Frne. 

Svitcli  HaU. 

1 

lii 

a 

1 

Anjlc. 
(a) 

RsdiH. 

M 

l4d 
ourvc. 

(D) 

4 

s 

1  al 

3'      4 

1   1 

5       8 

i  I 

fl.  in. 
11  0 

!!! 

2  as  19 

(t. 
IBS  59 

■»:■! 

91  IB  SB 

i! 

11 

).5( 

!  : 

10       6 

H     a 

is 

22  0 

!  3  if 
III 

3  S4  4B 

15 
30 

SSI 

10       4 

30  0 

0  57  18 
0  57  IB 

L7fl4.BB 
333*: Ifl 

u    n 

IB   -HI 

TAl^LE  IV.— FUNCTIONS  OP  THE  TEN-CHOBD  BPIBAL. 
Fabt  a. — Coafficientg  of  A  for  deBectioa  anslea  to  chord  pointi. 


. 

r 

L 

. 

S 

I 

0' 

666  710 

33S373 

1' 

672  421 

isi 

666  TM 
666 «3S 

363  Ml 

Sir, 

25 

674  05* 

34D  078 

aloBia 

341  18J 

697  OSl 

nisi 

29 

676  566 

34237B 

ZMl 

3S4B!» 

S5 

!!!!!! 

iii 

S 

ii 

iS 

61193* 

lV,ll', 

!«■ 

ilHi 

40 

ill 

sti  7fll 

1; 

iii 

337  259 

43 

IHl 

360  671 

ana  su 

M 

671 926 

Ills 

" 

S!!!SS 

S!!!a 

■  rv,  of  whiPh  Fnrt  C  la 
tteo  oC  Ctae  Ani«r[cBn  Rail 
ii:  ProcMdiag«  of  thii  Aseu 


TABLE  IV.— FUNCTIONS  OP  THE  TEN-CHORD  BPIBAIh 

Pabt  C. 


Total 

spiral 

A 

C 

X 

r 

ang] 

e,  « 

L 

X 

£ 

0* 

O' 

0** 

00' 

00" 

1.000000 

1.000000 

.000008 

80 

0 

10 

00 

.999  997 

.999  998 

.009  808 

1 

0 

0 

20 

00 

.999  987 

.999  970 

.006818 

30 

0 

30 

00 

.999  970 

.999  989 

.008  788 

3 

0 

0 

40 

00 

.999  947 

.999  879 

.011685 

30 

0 

50 

00 

.999  916 

.669  811 

.014548 

8 

0 

00 

00 

.999  880 

.999  787 

.017450 

30 

10 

00 

.999  836 

.099  689 

.080857 

4 

00 

20 

00 

.999  786 

.099518 

.088  888 

30 

30 

00 

.999  729 

.999887 

.088188 

6 

00 

40 

00 

.999  666 

.909248 

.089078 

■ 

30 

50 

00 

.999  596 

.999  084 

.081877 

6 

00 

59 

59 

.999  519 

.098  910 

.084880 

30 

2 

09 

59 

.999  435 

.998  721 

.087781 

7 

00 

2 

19 

59 

.999  345 

.998617 

.040881 

80 

2 

29 

59 

.999  248 

.998298 

.048  581 

8 

00 

2 

39 

58 

.999145 

.998  068 

.048478 

30 

2 

49 

58 

.999  035 

.997814 

.048874 

9 

00 

2 

69 

58 

.998  918 

.997549 

.068888 

30 

3 

09 

57 

.998  794 

.997270 

•065188 

10 

00 

3 

19 

57 

.998  664 

.996975 

.008058 

30 

3 

29 

57 

.998  527 

.996  666 

.0608tt 

11 

00 

3 

39 

56 

.998  384 

.996341 

.068  888 

30 

3 

49 

55 

.998  233 

.996008 

•066714 

12 

00 

3 

59 

55 

.998  077 

.995  647 

•068588 

30 

09 

54 

.997  918 

.995  978 

.072478 

13 

00 

19 

53 

.997  743 

.994  898 

.075  857 

30 

29 

53 

.997  566 

.994494 

.078  888 

14 

00 

39 

52 

.997  383 

.994079 

.081106 

30 

49 

51 

.997192 

.998  650 

-068877 

16 

00 

4 

59 

50 

.996  996 

.998  808 

.086846 

30 

5 

09 

49 

.996  792 

.992  747 

.068  711 

16 

00 

5 

19 

48 

.996  582 

.992  978 

.089  574 

30 

5 

29 

47 

.996366 

.991785 

.095488 

17 

00 

6 

39 

45 

.996142 

.991881 

.086980 

30 

5 

49 

U 

.995  912 

.990768 

•  lOlltt 

18 

00 

5 

59 

43 

.995  676 

.990980 

.108998 

30 

6 

09 

41 

.995  432 

.089  662 

.106640 

19 

00 

6 

19 

40 

.995  183 

.969180 

.106  688 

30 

6 

29 

36 

.994  926 

.966  548 

•  118588 

20 

00 

6 

39 

36 

.994  663 

.987951 

.1U860 

30 

6 

49 

34 

.994  393 

.9878U 

.116188 

21 

00 

6 

59 

32 

.994117 

.986  788 

•  181081 

30 

7 

09 

30 

.993  834 

.986088 

.186  646 

22 

00 

7 

19 

28 

.993  545 

.985  487 

•  186  667 

22° 

30' 

7** 

29' 

26" 

.993  248 

.984  778 

.198488 

a38i 


TABLE  IV.— PCNCTIONS  OF  THE  TEN-CHORD  SPIRAL. 


Part  C. — Con. 


Total 

spiral 

A 

C 

X 

y 

1 

angle,  4t 

L 

L 

22° 

30' 

7° 

29' 

26" 

.993  248 

.984  772 

.129  483 

23 

00 

7 

39 

24 

.992  946 

.984  093 

132  296 

30 

7 

49 

21 

992  636 

.983  399 

.  135  105 

24 

00 

7 

59 

19 

.992  321 

.982  691 

.137  909 

30 

8 

09 

16 

991998 

.981968 

.  140  708 

25 

00 

8 

19 

14 

.991669 

.981231 

.143  504 

30 

8 

29 

11 

.991333 

■  980  479 

.  146  294 

26 

00 

8 

89 

08 

.990  991 

.979  714 

.  149  080 

30 

8 

49 

05 

.990  642 

.978  933 

.151861 

27 

00 

8 

59 

02 

.990  287 

.978  139 

.  154  638 

30 

9 

08 

58 

.989  925 

.977  330 

.157  409 

28 

00 

9 

18 

55    1 

.989  557 

.976  508 

.160176 

30 

9 

28 

51 

.989182 

.975  670 

.162  937 

29 

00 

9 

38 

48 

44    ^ 

.988  800 

.974  819 

.  165  693 

^  V 

30 

9 

48 

.988  412 

.973  954 

.168  444 

SO 

00 

9 

58 

40 

.988  018 

.973  074 

.171189 

w\/ 

30 

10 

08 

36 

.987  617 

.972  181 

.173  929 

31 

00 

10 

18 

32 

.987209 

971273 

176  664 

V  A 

30 

10 

28 

27 

.986  795 

.970  352 

.179  392 

32 

00 

10 

38 

23 

.986375 

969  417 

182  116 

30 

10 

48 

18 

.989^948 

968  468 

.184  833 

S3 

00 

10 

58 

13 

.985  514 

967  504 

.  187  544 

w 

30 

11 

08 

08 

.985  074 

.966  528 

.  190  250 

34 

00 

11 

18 

03 

.984  627 

.965  537 

.  192  949 

V  «E 

30 

11 

27 

58 

.984174 

964  532 

.  195  643 

85 

00 

11 

37 

53 

983  715 

.963  515 

.198  330 

<#w 

30 

11 

47 

47 

.983  249 

.962  483 

.201010 

S6 

00 

11 

57 

41 

.982  777 

.961  438 

.203  685 

M  V 

30 

12 

07 

36 

.982  298 

.960  379 

.206  353 

37 

00 

12 

17 

30 

.981813 

.959  306 

.209  014 

30 

12 

27 

23 

.981321 

.958  221 

.211669 

S8 

00 

12 

37 

17 

.980  823 

.957  121 

.214  317 

MO 

so 

12 

47 

11 

.980318 

.956  009 

.216  959 

S9 

00 

12 

57 

04 

.979  807 

.954  883 

.219  593 

W9 

30 

13 

06 

57 

.979  290 

.953  744 

222  221  . 

40 

00 

13 

16 

50 

•  978  766 

.952  591 

224  841 

W 

30 

13 

26 

43 

.978  236 

.951426 

227  455 

41 

00 

13 

36 

35 

.977  700 

.950  247 

.230  061 

%x 

30 

13 

46 

28 

.977  157 

.949  055 

.232  660 

42 

WW 

00 

13 

56 

20 

.976  608 

.947  850 

.235  252 

30 
00 

14 

06 

12 

.976  053 

.946  632 

.237  836 

43 

14 

16 

04 

.975  491 

.945  402 

.240413 

w 

30 
00 

14 

25 

56 

.974  923 

.944  158 

.242  982 

44 

14 

35 

47 

.974  348 

.942  901 

245  544 

WW 

30 

14 

45 

38 

.973  768 

.941  632 

.248  098 

♦S*" 

00' 

l^' 

55' 

29" 

.973181 

.940  350 

.250  644 

639 


TABLE  v.— LOGARITHMS  OF  NUMBERS. 


TABLE  V,— Logarithms  of  huhbers. 


TABLE  v.— LOGARITHMS  OF  NUMBERS. 


TABLE  v.— LOGARITHMS  OF  NUMBERS. 

7 


841 
843 
843 
844 
845 
846 
847 
848 
849 


TABLE  v.— LOGARITHMS  OF  NIJMBERS. 


TABLE  v.— LOGARITHMS  OF  NDHBESta. 


». 

0          1 

2   I   3    h 

400 

32?    23l!   S 

401 

tU    33> 

338'  847!  3 

444    483    4 

401 

m  *li 

663    583]   E 

401 

838    849 

esS   8701  e 

401 

74ii   T5B 

767    77?'   7 

408 

8S 

407 

BS! 

BBl    BBli'O 

to§ 

Bl  OBj 

OBj.   0B8    1 

40t 

17! 

293,_204J 

410 

27! 

339 

399,   310    3 

?1 

4D5l   41B    1 

4  1 

BOOj   61   :   531,   5 

4  S 

°i 

815    82      BSb!   B 

4  B 

oj 

930    83      940|   B 

4  7 

034    D3i    04Sl   a 

13B    138    149    1 

4  t 

31 

333    343    3s!:   3 

430 

335 

335    34$;   368    3 

431 

3 

13i'  448'  469'  4 

» 

ill!  Ill  III  I 

424 

3      747,   767    787,   7 

431 

a      B4S    85|    B«S,   8 

4   1   BEll   881    B?!'   9 

1 

83     4 

J 

;^i;  III ;? ' ; 

3S8    286;   378    3 

430 

431 

347 
44 

357    387    377I  3 

4S1 

84 

4SS 

84 

74  ■   7SBI   789    778!  7 

84      B5B;   389    B7a    8 

438 

84  ,  95i!   988    97E'   9 

437 

84  04      058    Oea    078!   0 

14   1   15?    187    177    1 

43fl 

34      35S    >6B,   378|  3 

440 

345    3S5    385'   375;   3 

441 

444    4iS    483'  47l  4 

443 

III    6501   BSD    ^70    1 

444 

738    748    768'   78j    7 

449 

838'   8481   B5S    885'   t 

943    B53    982    t 

es  0S1 

448 

III 

is! 

137    1 

441 

344 

jhIj 

4S0 

831 

381 

Jf 

0 

1 

' 

3 

TABLE  v.— LOGARITHMS  OP  NUMBERS. 


— LOtiARITHMB  OP 


TABLE  v.— LOOARITHM8  OF  NUMBERS. 


OF  NUMBERS. 


TABLE  v.— LOGARITHMS  09*  NUMBSIUS. 


N. 


700 

701 
702 
703 
704 
705 
706 
707 
708 
709 

710 

711 
712 
718 
714 
715 
716 
717 
718 
719 

720 

721 
722 
723 
724 
725 
726 
727 
728 
729 

730 

731 
732 
733 
734 
735 
736 
737 
738 
739 

740 

741 
742 
743 
744 
745 
746 
747 
748 
749 

760 


N. 


34  510 


35 


126 

187 
248 
309 
370 
43(3 
491 
552 
612 
673 

733 

793 
893 
914 
974 
36  034 
09| 
153 
213 
273 

332 

391 
451 
510 
569 
628 
688 
746 
80S 
86i 

923 

982 
17  040 
09e 
157 
215 
274 
332 
390 
448 

506 


516 

578 
610 
701 
763 
825 
886 
948 

ooi 

070 

132 

193 
254 
815 
376 
436 
497 
558 
618 
679 

J3S 

795 
859 
920 
980 
040 
091 
159 
219 
278 

338 

397 
457 
516 
575 
63$ 
693 
752 
811 
870 

929 

987 
046 
104 
163 
22l 
27§ 
338 
396 
454 

512 


522 

584 

646 

708 

769 

831 

893 

95 

01 

077 

J.38 

199 
260 
321 
382 
443 
503 
564 
62l 
^85 

745 

805 
865 
926 
986 
048 
105 
165 
225 
28i 

344 

403 
463 
522 
581 
640 
695 
758 
817 
876 

935 

993 
052 
110 
169 
227 
285 
343 
402 
460 

517 


3 


^28 

590 
652 
714 
776 
837 
899 
930 
021 
083 

J.44 

205 
266 
327 
388 
449 
909 
570 
630 
691 


751 


350 

405 

469 

528 

58 

64 

70 

764 

823 

882 

941 

995 

058 

116 

175 

233 

291 

34 

40 

46 

523 


3 


53i 

59 

65 

720 

782 

843 

90 

96 

028 

089 

150 


757 

817 
878 
938 
998 
058 
117 
177 
237 
296 

356 

415 
475 
934 
593 
652 
711 
770 
829 
888 

^46 

*005 
064 
122 
180 
239 
297 
355 
413 
471 

525 


641 


156 


_m 

823 
884 
944 
*004 
06 
12 
18 
24 
SO 

362 

421 
481 
540 
599 
698 
717 
776 
835 
894 

952 

*011 
065 
128 
186 
245 
303 
361 
419 
477 

535 


647 


163 


829 
890 
990 
♦010 
06 

189 
249 
308 

368 

42 
48 
946 
605 
664 
723 
782 
841 
J95 

_958 

*017 
075 
134 
192 
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99  520 
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06  577 
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08  696 

09  715 
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13  581 
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17  971 
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22  713 

23  455 
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30103 
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1703 
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1379 
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742 

730 


log.  Tan. 


8 


—  00 
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80  615 
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95  510 

96  889 
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03  19i 
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06  580 
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16  272 
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93  421 


83  730 
75  812 
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15  605 


13  832 
12  129 
10  490 
08  910 
07  386 


05  914 
04  490 
03  111 
01  775 
00  478 


99  219 
97  995 
96  805 
95  647 
94  519 


93  418 
92  347 
91300 
90  278 
89  278 


88  303 
87  349 
86  415 
85  500 
84  605 


83  727 
82  867 
82  021 
81  196 
80  381 


79  587 
78  805 
78  036 
77  280 
76  538 


1  75  808 


Log.  Cos. 


00  000 
00  000 
00  000 
00  000 
00  000 


00  000 
00  000 
00  000 
00  000 
00  000 


00  000 
00  000 
99  999 
99  998 
99  998 


99  998 
99  998 
99  998 
99  999 
99  998 


99  998 
99  999 
99  999 
99  999 
99  999 


99  999 
99  999 
99  998 
99  998 
99  998 


99  998 
99  998 
99  998 
99  998 
99  998 


99  997 
99  997 
99  997 
99  997 
99  997 


99  997 
99  997 
99  997 
99  998 
99  996 


99  998 
99  996 
99  996 
99  996 
99  995 


99  995 
99  995 
99  995 
99  995 
99  99i 


99  995 
99  994 
99  994 
99  994 
99  993 


Log.  Tan.  | 


9  99  995 
Log.  Sin. 


W 


663 


TABLE  VII.— LOGARITHMIC  SINES,  COSINES,  TANGENTS. 

AND  COTANGENTS.  IW 


Log.  Sin.  d. 


71880 
72  125 
72  35S 
72  597 
72  83S 


73  069 
73  302 
73  53S 
73  786 

73  997 

74  226 
74  453 
74  680 

74  905 

75  129 

75  353 
75  574 

75  795 

76  015 
76  233 


^ 


76  45 
76  66 

76  883 

77  097 
77  310 


77  522 
77  733 

77  943 

78  152 
78  360 


78  567'oriA 
78  773;2SS 

78  978i5g| 

79  183i5^q 
79  386r"^ 

79  588  ^5f 

79  98i  200 

80  189  \ll 
80  387,  "° 

80  585,1  Q7 
80  782, Jg^ 

80  97^!{22 

81  I7l\ll 
81  366,^'** 

:!193 
192 


191 


81  560 
81  752 

81  943<iQi 

82  ISl  tns 
r_82.324  ^^^ 

**  82  513  1 QQ 
82  70lJ5S 

82  888  ^^^ 

83  075 
83  260 


83  445 
83  629 
83  813 
83  995 


186 
185 

185 
184 
183 
182 


84  17^.182 

84  358  ^8^ 
Log.  Cos.!  d. 


Log.  Tan. 


c.d. 

241 
240 
2SS 
237 


71939 
72  180 
72  420 

72  659 
72896i__ 
7^311235 

73  366lr)QQ 

73  83liS?? 

74  292  551 
74  520  228 


74  748 

74  974 

75  199 


75  422 
75  645 1 

75  867 

76  0871 


226 
225 

223 
22 
22 
220 


76  30Sr^^ 


76  9581*11 

77  172|2J| 
77386f^* 
77  59S  2}3 

77  8llj21§ 

78  022  210 
78  232  210 
78  441 1  ^0» 


7n45'207 


78  855 

79  061 
79  266 
79  470 


79  673 

79  875 

80  076 
80  276 
80  476 


80  674 
80  871 
81068 
81264 
81459 


81  653 

81  846 

82  033 
82  230 
82420 

82  610 
82  799 

82  987 

83  175 
83  361 


83  547 
83  732 

83  916 

84  100 
_84  282 

84  461 


207 
206 
204 
204 

203 
202 
201 
200 
199 

198 
197 
197 
195 
195 

194 
193 
192 
191 
190 

190 
188 
188 
189 
186 

185 
185 
184 
183 
182 

182 


Log.  Cot.  c.d. 


Log.  Cot. 


Log.  Cos. 


28  O60  9 
2V  819  9 
27  57S 
27  341 
27  104 


26  868 
26  633 
26  400 
26  168 
25  937 

25  708 
25  479 
25  252 
25  026 
24  801 

24  577 
24  354 
24133 
23  913 
23  693 


23  475 
23  258 
23  042 
22  827 
22  613 

22  40Q 
22  188 
21978 
21768 
21  559 


21351 
21  14$ 
20  938 
20  734 
20  530 


20  327 
20  126 
19  923 
19  723 
19  524 


19  326 
19  128 
18  931 
18  736 
18  541 


S 


18  347 
18  154 
17  961 
17  77 
17 J7 

17  389 
17  201 
17  012 
16  825 
16  638 


16  453 
16  268 
16  083 
15  900 
J  5  717 

.15  535 


og 


.  Tan. 


99940 
99  940 
99  939 
99  938 
99  938 


99  937 
99  936 
99  935 
99  935 
99  93i 


99  933 
99  933 
99  93 
99  93 
99  931 


99  930 
99  92 
99  92 
99  928 
99  927 


99  926 
99fl25 
99  925 
96  924 
9023 

99  93 
99  92 
99  92 
99  92 

9991 
99  919 
99  91 
99  91 
99  93  6 
99  916 


99  915 
99  914 
99  913 
99  912 
99  912 


60 

59 
58 
57 
56 


55 
54 
53 
52 

51 
50 
49 
48 
47 

M. 
45 
44 
48 
42 
41, 

40 

89 
38 
37 
36 

35 
34 
33 
32 
SI 
30 
29 
38 
27 
26 


25 
24 
23 
22 
21 


99  911 
99  910 
99  909 
99  908 
99_907 

99  907 
99  906 
99  905 
99  90? 
99_9^3 

99  902 
99  902 
99  901 
99  900 

99899 
99  898 
99  89? 
99  896 
99  896 
99^895 

9-99  894 

Log.  Sin. 


P.  P. 


6 

7 

6 

9 

10 

20 

30 

40 


S80 

83.0 

88. 5 

44.0 

49.5 

65.0 

110.0 

165.0 

220.0 


50  275.0 


300 

10.0 

8S-0 

40-0 

4B.0 

f 

100.0 

150.1 

200.0 

250.0 


240 

24.0 

28.0 

82.0 

80.0 

40.0 

30.0 

120.0 

160.0 

200. 0 


6 
7 
8 
9 

10 
20 
30 
40 
50 


SIC 

21.0 

24.5 

28. 0 

81.5 

85.0 

70.0 

105.0 

140. 0 

175.0 


7  .  6 

0.70.31 


93" 


(KH5 


MT* 


SINES,  COSINES,  TANQENTB, 


^g.  Ski  i. 

Log.  Tan. 

] 

» 

» 

9 
9 
9 

e 

1 

1  in  I' 

ill 
ill 

51  95Pil  ^^ 

B- 53  897 
.S3  7S3 

I'.U  8B1 

iJiii 

B-MIOO 

■Jii 

yii 

B- 54  431 

311 

Z3 

I 

39 
31 
34 

1 

IS 
15 
4B 
SI 

i 
i 

0 

1 

lis-; 

lllll'i 
E"i 

52  33     |g 

li  I 

S2  59     1 

Hi 

ill  '> 

m  i 
Hi 

iiiij 

B.5187il 

iiii 

9.55  075 

M 

1:5543  ■ 

ill 

1.55  75 

issi 

1    5H0JJ 

ABLE  VII.— LOGARITHMIC  SINES,  COSINES.  TANGENTS, 

AND  COTANGENTS. 


167* 


Sin. 

788 
847 
906 
966 
025 

084 

143 
202 
26^ 
31§ 

378 
436 
495 
55| 
611 

670 
728 
786 
844 
902 

960 
017 
075 
133 
190 

248 
305 
36S 
41§ 
476 

53S 
595 
647 
70? 
761 

81? 
874 
930 
987 
043 

099 
156 
212 
268 
324 

37?> 
435 
491 
547 
605 

658 
715 
768 
824 
879 

93? 
98^ 
04? 
099 
X54 

209 

Cos. 


d. 


59 
59 
59 
59 

59 
59 
59 
58 
59 

58 
58 
58 
58 
58 

58 
58 
58 
58 
58 

58 
57 
58 
57 
57 

57 
57 
57 
57 
57 

57 
57 
57 
57 
56 

56 
56 
5B 
56 
56 

56 
56 
56 
56 
56 

55 
56 
55 
56 
55 

55 
55 
55 
55 
55 

55 
55 
55 
54 
55 

55 


Log.  Tan. 


32 
32 
32 
32 
32 


747 
809 
87l 
938 
995 


33 
33 
33 
33 
33 


057 
118 
180 
242 
303 


33 
33 
33 
33 
33 

33 
33 
33 
33 
33 


36? 
426 
487 
548 
609 

67a 
731 
792 
852 
918 


33 
34 
34 
34 
34 


34 
34 
34 
34 
34 


974 
03? 
095 
155 
215 

275 
336 
396 
456 
515 


34 
34 
34 
34 
34 


34 
34 
34 
35 
35 


575 
635 
695 
754 
814 

873 
933 
992 
05l 
110 


35 
35 
35 
35 
35 


35 
35 
35 
35 
35 


169 
228 
287 
346 
_405 

464 
525 
581 
640 
698 


35 
35 
35 
35 
55 


36 
36 
36 
36 
36 


936 


756 
815 
873 
93l 
989 

047 
105 
163 

221 
278 

336 


dTlLog.  Cot. 


c.d. 

62 
62 
62 
62 

61 
61 
62 
6l 
6l 

61 
61 
61 
61 
61 

60 
61 
61 
60 
61 

60 
60 
60 
60 
60 

60 
60 
60 
60 
59 

60 
60 
59 
59 
59 

59 
59 
59 
59 
59 

59 
59 
59 
59 
59 

58 
58 
59 
58 
58 

58 
58 
58 
58 
58 

58 
58 
57 
58 
57 

58 
c.d. 


Log.  Cot. 


0 


67  252 
67  190 
67 

67  066 
67  00? 


9 
9 
12|9 
9 
9 


66  943 
66  88l 
66  819 
66  758 
66696 

66  635 
66  574 
66  513 
66  452 
66  390 


66  330 
66  269 
66  208 
66  147 
66G86 


66 
65 
65 
65 
65 


65 
65 
65 
65 
65 


026 
965 
905 
845 
78? 

72? 
664 
604 
544 
48? 


65 
65 
65 
65 
65 


65 
65 
65 
64 
64 


42? 
36? 
305 
245 
186 
126 
067 
008 
948 
889 


64 
64 
64 
64 
64 


830 
77T 
715 
653 
59? 

64  536 
64  477 
64  418 
64  360 
64  302 


64  24S 
64  185 
64  127 
64  068 
64  010 


63  955 
63  89? 
63  837 
63  779 
63  72l 


Log 


63  66? 
Tan. 


Log.  Cos. 


99  040 
99  038 
99  035 
99  032 
99  029 


99  027 
99  024 
99  021 
99  019 
99  016 


99  015 
99  010 
99  008 
99  005 
99  002 


98  999 
98  997 
98  994 
98  991 
98  988 


98  986 
98  983 
98  980 
98  977 
98  975 


98  972 
98  969 
98  966 
98  965 
98  961 


98  958 
98  955 
98  952 
98  949 
98  947 


98  944 
98  941 
98  938 
98  935 
98  933 


98  930 
98  927 
98  92? 
98  921 
98  918 

98  915 
98  913 
98  910 
98  907 
98  904 


98  901 
98  898 
98  895 
98  895 
98B90 

98  887 
98  884 
98  881 
98  878 
98  875 

9  98  872 


60 

59 
58 
57 
56 


55 
54 
58 
52 
51 


50 

49 
48 
47 

M 
45 
44 
43 
42 

40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 

25 
24 
23 
22 


20 

19 
18 
17 
16 
15 
14 
13 
12 
11 


Log.  Sin. 


10 

9 

8 

7 

_6 

5 
4 
3 
2 
_1 

O 


P.  P. 


62 

6i 

6 

6-2 

61 

7 

7 

2 

7  2 

8 

8 

2 

82 

9 

9 

S 

92 

10 

10 

3 

10-2 

20 

20 

6 

20-5 

30 

31 

0 

30  7 

40 

41 

5 

41  0 

60 

51 

6 

51  2 

61 

61 

7 

8 

9 

10 

20  3 
30-5 
40-B 
50.8 


1 
I 

\ 


6 

7 

8 

9 

10 

20 

30 

40 

50 


60 

60 


7 
8 
9 

10 
20 
30 
40 
50 


60 

60 


7 
8 
9 

10 
20 
30 
40 
50 


59 

5-9 


6 

7 

8 

9 

19 

29 

39 

49 


59 

5-9 


6 
7 
8 
9 

19 
29 
39 
49 


55 

58 

57 

57 

6 

58 

5  8 

57 

6  7 

7 

6 

8 

67 

6 

7 

6 

3 

8 

7 

8 

77 

7 

6 

7 

6 

9 

8 

8 

87 

8 

6 

8 

5 

10 

9 

7 

95 

9 

f 

9 

5 

20 

19 

5 

19. J 

19 

19 

0 

30 

29 

2 

29. 0 

28 

7 

28 

5 

40 

39 

0 

38.6 

38 

5 

38 

0 

50 

48 

7 

48. 3 

47 

9 

47 

5 

6 

7 

8 

9 

10 

20 

SO 

40 

50 


56 

5-6! 


6 
7 
8 
9 

18 
28 
37 
47 


56 

5-6 


6 
7 
8 
9 

18 
28 
37 
46 


5S 

55 


6 
7 
8 
9 

18 
27 
37 
46 


55 

5-5 

6 

7 

8 

9 

18 
27 
36 
45 


6 
7 
8 
9 

lo 

20 
SO 
40 
50 


5i 

5  ? 

6.3 

7.5 

82 

91 

18. 1 

27. 5 

36. 5 

45.4 


3  S 


4 
4 


h.  r-. 


676 


77* 


VII.— LOGARITHMIC  SINES,  COSINES,  '. 


tabu:  vit.— logarithmic  bines,  cosines,  tawodtb 


TABLE  Vil.— LOGAillTHMiC  SINES,  COSINES,  TANGENTS', 

AND  COTANGENTS. 


163^ 


qg.   Sin. 


44  031 
44  078 
44  122 
44  166 
44  209 


44  253 
44  299 
44  341 
44  384 
44  428 


44  472 
44  515 
44  559 
44  602 
44  646 


44  689 
44  732 
44  776 
44  819 
44  8R2 


44  905 
44  948 

44  991 

45  034 
45  077 

45  120 
45  163 
45  206 
45  249 
45  291 


45  334 
45  377 
45  41§ 
45  462 
45  50i 

45  547 
45  589 
45  63l 
45  674 
45  716 


45  75B 
45  800 
45  842 
45  885 
45  927 

45  969 

46  Oil 
46  052 
46  094 

A6J3G 

46  178 
46  220 
46  26l 
46  303 
46  345 

46  386 
46  428 
46  469 
46  511 
46_552 

A6  593 

)g.  Cos. 


d. 

44 
44 
44 
45 

44 
44 
43 
43 
44 

43 
43 
43 
43 
43 

43 
43 
43 
43 
43 

43 
43 
43 
43 
43 

43 
42 
43 
43 
42 

42 
43 
42 
42 
42 

42 
42 
42 
4§ 
42 

45 
42 
42 
42 
42 

42 
42 
4l 
42 
42 

4l 
42 
4l 
41 
42 

4l 
4l 
41 
4l 
41 

4T 
17 


Log.  Tan. 


45  749 
45  78? 
45  845 
45  892 
45  940 

45  987 

46  035 
46  082 
46  129 
46  177 


46  224 
46  27l 
46  31S 
46  366 
46  413 


46  460 
46  507 
48  554 
46  601 
46  647 


46  694 
46  74l 
46  788 
46  834 
46  881 

46  928 

46  974 

47  021 
47  067 
47  114 


47  lec 

47  207 
47  253 
47  29§ 
47  345 


47  392 
47  438 
47  484 
47  530 
47  576 

47  622 
47  668 
47  714 
47  76C 
47  806 


47  851 
47  897 
47  943 

47  989 

48  034 


48  080 
48  125 
48  171 
48  216 
48  262 


48  307 
48  353 
48  398 
48  443 
48  488 

48  534 


C.  d. 

48 
47 
4? 
47 

47 
47 
47 
47 
47 

47 
47 
47 
47 
47 

47 
47 
47 
47 
46 

47 
47 
46 
4g 
47 

46 
46 
46 
46 
46 

46 
46 
46 
46 
46 

46 
46 
46 
48 
46 

46 
46 
45 
46 
46 

45 
46 
45 
46 
43 

45 
45 
45 
45 
45 

45 
45 
45 
45 
45 

45 


Log.  Cot. 


54  250 
54  202 
54  155 
54  10'' 
54  060 

54  012 
53  965 
53  917 
53  870 
53  823 


53  776 
53  72i 
53  681 
53  634 
591587 

53  540 
53  493 
53  446 
53  399 
53  352 


Log.  Cos. 


53  305 
53  258 
53  212 
53  165 
53  118 


53  072 
58  025 
52  979 
52  932 
52  886 


52  83§ 
52  793 
52  747 
52  700 
52  654 

52  608 
52  562 
52  51fc 
52  469 
PI?  423 


52  377 
52  33l 
52  286 
52  240 
52  194 


52  148 
52  102 
52  057 
52  011 
51  965 


51  920 
51  874 
51  829 
51  783 
51  73g 

5]  692 
51  647 
51  602 
51  556 
51J11 
51  466 


Log.  Cot.  c.d.  Log.  Tan. 


98  284 
98  280 
98  277 
98  273 
98  269 


98  266 
98  262 
98  258 
98  255 
98  25l 


98  247 
98  244 
98  240 
98  236 
98  233 


98  229 
98  225 
98  22? 
98  218 
98  214 


98  211 
98  207 
98  203 
98  200 
98  196 


98  192 
98  188 
98  185 
98  181 
98  177 


98  17S 
98  17C 
98  166 
98  162 
98  15S 


98  155 
98  151 
98  147 
98  143 
98  140 


98  136 
98  132 
98  128 
98  124 
98  121 


98  117 
98  113 
98  109 
98  105 
98  102 

98  098 
98  094 
98  090 
98  086 
98  082 


98  079 
98  075 
98  071 
98  067 
98  063 

98  059 

Log.  Sin. 


3 
3 
3 
4 

8 
3 
4 
3 
3 

4 
3 
3 
4 
3 

3 
4 
3 
3 
4 

3 
4 
3 
3 
4 

3 
4 

3 

4 
3 

4 

3 
4 
8 
4 

3 
4 
3 
4 
3 

4 
3 
4 
4 
3 

4 
3 
4 
4 
3 

4 
4 
3 
4 
4 

3 
4 
4 
3 
4 

4 


60 

59 
58 
57 
56 


d. 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
48 
42 

li 
40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 

17 
16 


15 
14 
13 
12 
11 


10 

9 
8 

7 
6 


O 


P.  P. 


48 

41 

47 

6 

4.8 

4.7 

4. 

7 

5 

6 

5.5 

5. 

8 

6 

4 

6. J 

6. 

9 

7 

2 

7.1 

7. 

10 

8 

0 

7.9 

7 

20 

16 

0 

15.8 

15 

30 

24 

0 

23.7 

23. 

40 

32 

0 

31.6 

31. 

50 

40 

0 

39. 6 

39. 

T 

3i 

g: 
& 
9 


46 

46 

45. 

45 

6 

4.e 

46 

4.5 

4.5 

7 

5  4 

5 

3 

5 

3 

5 

3 

8 

62 

6 

1 

6 

0 

6 

Q 

9 

70 

6 

9 

6 

8 

6 

7 

10 

7.? 

7 

6 

7 

0 

7 

5 

20 

15.6 

15 

3 

15 

] 

15 

0 

30 

23. 2 

23 

0 

22 

7 

22 

5 

40 

31. r 

30 

6 

30 

3 

30 

0 

50 

38.5 

38 

3 

37 

9 

37 

5 

6 

7 

8 

9 

10 

20 

80 

40 

50 


44 

4.4 

51 

5-3 

66 

7.3 

14.g 

22. 0 

29. 3 

36.6 


45 

4.3 

51 

5-8 

65 

72 

14.5 

21.7 

29. 0 

36. 2 


43 

4-3 

5 

5 

6 

7 
14 
21 
28 
35 


42 

42 

41 

41 

6 

4.2 

4.2 

4.1 

4. 

7 

4 

9 

4.9 

4 

8 

4. 

8 

5 

6 

56 

5 

5 

5. 

9 

6 

4 

6-3 

6 

2 

6. 

10 

7 

1 

70 

6 

9 

6. 

20 

14 

1 

14.0 

13 

8 

IS. 

30 

21 

2 

21.0 

20 

7 

20. 

40 

28 

3 

28. 0 

27 

6 

27. 

50 

35 

4 

35. 0 

34 

6 

34. 

4 

6 

04 

7 

0.4 

8 

OS 

9 

06 

10 

0.6 

20 

1.3 

30 

20 

40 

2.6 

50 

3.3 

0.3 

0.4 


5 
6 
I 
7 
2.3 
29 


P.P. 


679 


73" 


TABLE  VII.— LOGARITHMIC  SINES,  COSINES.  TAHQBHTB^ 

AND  CC^TANdENTS.  1 


Log.  Cot. 


97  015 
97  010 
97  005 
97  000 
96  995 

96  091 
96  986 
96  981 
96  97 
96  97 


d. 


f 


96  96 
96  96 
96  956 
96  952 
96  947 


96  942 
96  937 
06  932 
96  927 
06  9^2 


917 
912 


96 

96  907 
96  903 
96  897 


96  899 
887 

96  883 
96  877 
96  873 


3  06  808 
06  863 
3  •  06  858 
9. 98  853 
1  96  848 

3  •  96  843 
9-96  838 
9-96  833 
9-96  828 
9  96828 


96  818 
96  813 
96  808 
96  803 
96  797 

96  793 
96  78 
96  78 
96  77 
96  77 

96  76 
96  76 
96  757 
96  752 
96  747 

96  742 

96  737 

9  96  732 

q. 96  727 

9-96  721 


i 
5 
5 
5 

I 

5 
5 

I 

5 
6 

I 

5 

5 
5 
5 
5 
I 

5 
6 
5 
5 
5 

5 
5 
5 

I 

5 
8 
5 
5 
5 

5 
5 

5 
5 
5 

8 
5 

i 

5 

5 

5 
5 

5 
5 

5 
5 

i 

5 

5 
5 
5 

i 


9.96  7lgl  ^ 
Log.  Sin. I  d. 


60 

59 
58 
57 
J6 

59 
54 

53 
52 
51, 

fiO 
49 
48 

47 
48 


P.  P. 


45 
44 

48 
43 

41, 

40 
89 
88 

87 
80 

85 
84 

88 
83 
81 

30 

29 
28 
27 
31 

35 
24 
38 
33 
21 

20 

19 
18 
17 

.11 
15 
14 
18 

13 
11 

10 

0 

8 

7 

_6 

6 

4 
8 
3 

_1 
O 


6 

? 

• 

« 

10 

20 

30 

40 

80 


5.0 

I 
I 


5 

6 

la. 

10- 
26. 
81. 


4-4  i 

8.0  I 

•■]  I. 

18JU- 
18TU^ 
25CII^ 

31  ■W 


41334 


I 

10 

80 
40 
50 


0 
T 

t 

10 
80 


40 


8 

7 
8 

8 

10  6 

901 

80 

40 


■■» 


)SINES,  TANGENTS. 


23* 


TABLE  VII.— LOGARITHMIC  SINES,  COSINES,  f  ANGENtB. 

AND  ('()TAN(J!:NTS. 


Log.  Sin. 


o 

1 

2 

3 

_4 

5 
6 
7 
8 
9 

11) 

11 
12 
13 
14 

15 
16 
17 
18 

11 
2i) 

21 
22 
23 
24 

25 
26 
27 
28 
29 

»0 

31 
32 
33 
34 

35 
36 
37 
38 
39. 

40 

41 
42 
43 
44 

45 
46 
47 
48 
49 

RO 

51 
52 
63 
54 

65 
66 
67 
68 
69 

60 


b9  18» 
59  217 
59  247 
59  277 
59  306 

59  336 
59  366 
59  395 
59  425 
59  454 


59  484 
59  513 
59  543 
59  572 
59  602 

59  631 
59  681 
59  690 
59  719 
59  749 


59  778 
59  807 
59  837 
59  866 
59  835 

59  D24 
59  953 

59  982 
00  012 
fiO_g41 

60  070 
60  099 
60  128 
60  157 
60  186 

60  215 
60  244 
60  273 
60  301 
60  330 


60  359 
60  388 
60  417 
60  445 
60  474 

60"  563 
60  532 
60  560 
60  589 
60. 618 

60  646 
60  675 
60  70S 
60  732 
60  760 

60  780 
80  817 
60  84fi 
60  87i 

60  903 

«n93T 


d. 


d. 


Log.  Tan.  c.  d. 


62  785!  «g 
62  820:  ^l 
62  85^'  ^^ 


62  890' 
62  925' 

62  960 

62  995: 

63  030. 
63  065, 
63  100| 

63  13! 
63  17( 
63  20 
63  240 
63  276 

63  31 
63  34 
63  37 
63  41 
63  449 


63 
63 


63 
63 
63 


484 
518 
63  553 
63  588 
63  622 

63  657 
63  692 
726 
761 
795 

63  830 
03  80i 
63  899 

63  93S 
63_968 

64  002 
64  03 
64  07 
64  106 
64  140 


I 


64  174 
64  209 
64  243 
64  277 
64_3.1:2 

64  346 
64  380 
64  415 
64  449 
64  483 

64  51 
64  55 
64  585 
64  620 
64 154 

64  688 
64  722 
64  7561 
64  790 
64  824' 


? 


35 
35 

35 
35 
35 
35 
35 

35 
35 
35 
Si 
35 

35 
Si 
35 
35 
3i 

35 
3i 
Si 
35 
34 

34 
35 
34 
34 
34 

34 
34 
34 
34 
34 

34 
34 
34 
34 
34 

34 

34 
34 
34 
34 

34 

34 
34 
34 

34 
34 
34 
84 
34 

34 
34 
34 
34 
34 

34 


Log.  Cot. 


0 
0 
0 
0 

g 
0 

"0 

0 
0 

'2 
0 
0 
0 

lO 

io 


64  8581  ^*  10-35  UT 


37  21 
37  17 
37  1 
37  10 
37  07.^ 


37  039 
37  004 
36  965 
36  93i 
36  89S 


36  86} 
36  829 
36  794 
36  760 
36  725 


36  60C 
36  65 
36  62 
36  585 
36  551 


! 


36  51 
36  48 
36  447 
36  412 
36  379 


36  343 
36  30 
36  27 
36  23C 
36  204 

36  170 
36  135 
36  10 
36  06 
36  032 


35 
35 
35 
35 
35 


997 
96S 
92& 
894 
855 


35 
35 
35 
35 
35 


825 
791 
756 
722 
688 


35  65 
35  61 
35  585 
35  551 
85.517 

'35  482 
35  44?! 
35  414 
35  380 
85_34Q 

35  312 
35  278 
35  244 
35  205 
35  175 


Log.  Cotic.  d.  Log.  Tan.  tog.  Sin. 


Log.  Cos. 


I 


d. 


96  402 
96  897 
96  89 
96  88 
96  881 

96  S7 
96  871 
96  865 
96  855 
96J54 

96  84 
96  84 
96  888 
96  832 
96  827 


96  821 
96  816 
96  811 
96  805 
96  300 


96  294 
96  289 
96  283 
96  27 
96  27 


? 


96  26 
96  26 
96  256 
96  251 
96  345 


96  240 
96  234 
96  229 
96  223 
96  218 


96  213 
96  206 
96  201 
96  195 
96  190 


96  184 
96  179 
96  173 
96  168 
?6  1«2 
96  157 
96  151 
96  146 
96  140 
96  184 

96  129 
96  123 
96  118 
96  113 
96  106 

96  101 
96  095 
96  090 
96  084 
96  078 

9-96  078 


d. 


P.P. 


8S    U 


6(  8-B 

7  4.1 

8  4-7 


9    5-S 

10    5- 

2011. 
80  17. 
40  28-,^- 

60l28.iia. 


I 


t 

4 

4- 

I 

i 

11- 
171 

a- 


8 
9 
10 
SO 
80 
40 
50 


8f  t\ 

7   4. 


0 
4.8 

SI 

11-B 
171 

28.0 

28.7» 


171 
2I.| 


6 

7 
8 

e 

10 
20 
80 
40 
60 


7 
8 

8 
10 
20 
80 
4C 
80 


8^8 
4-4 

19.6 
24.8 


8.8 
8-S 

4.0 
4.B 

BO 
10-0 
IB.O 
20.0 
88.8 


M    I 
211 1 

8.1 1 


4. 

4. 
8. 


8  0.80 

70.7" 

80.8 

80.8 
10  1.0 
202.0 
808.0 
40  4.018.1 
60  0.014.814. 


080 


TABLE  VII.— LOGARITHMIC  SINES,  COSINES.  TANGENTS, 


I 


sa* 


TABLE  VII.— LOGARITHMIC  BINES.  OOBINSS.  TANGBRA 

AND  COTANGf^^TB. 


Log.  Sin. 


o 

1 

2 
3 

A 

5 
6 
7 
8 
J 

It 

11 
12 
13 

L4 
15 
16 
17 
]8 

IL 
2\ 

21 
22 
23 
24 

2"5 
26 
27 
2f 
2? 

:n 

31 
32 
33 

3^ 
35 
36 
37 
38 

T" 

il 

12 
43 
44 

45 
46 
47 
48 
49 

/>r 

51 
52 
53 
54 

55 
56 
57 
58 
59 


73  611 
73  630 
73  650 
73  669 
73  688 

73  708 
73  727 
73  74b 
78  766 
73  786 

73  805 
73  824 
73  843 
73  862 
73  882 

73  9ui 
73  920 
73  940 
73  959 
73978 


73  997 

74  OK) 
74  036 
74  055 
74  074 

74  09!^ 
74  115 
74  131 
74  151 
74  170 


74  189 
74  20C 
74  227 
74  24P 
74  26P 


74  28^ 
74  305 
74  32? 
74  341 
74  330 


74  379 
74  398 
74  417 
74  436 
74  455 

74  474 
74  493 
74  51T 
74  53(^ 
74  54S 


9 
9 
9 
9 

9 
9 

q 

9 
9 

9 
9 
9 
9 
9 

9-74  756 

Log.  Cos. 


74  565 
74  587 
74  606 
74  62P 
74  645 

74  665 
74  681 
74  700 
74  715 
74  737 


d.  Log.  Tan.'cd. 


251 
279 
307 
334 
362 

390 
41? 
445 
473 
500 


666 
693 
721 
748 
776 


80S 
831 
858 
886 

913 

941 
968 
996 
023 
051 


078 
105 
133 
160 
.188 

215 
243 
275 
297 
3?5 


352 
380 
407 
434 
_462 

48§ 
516 
544 
571 
_5_95 

626 
653 
680 
708 
735 

763 
789 
817 
844 
871 

895 


Log.  Cot. 

18  748 
18  720 


8  6M 

8  86 

8  68 


8  610 
8  683 
8  666 
8  627 
8  469 


8  472 
8  441 

8  417 
8  889 
8  862 


I 


8  83 
8  80 
8  279 
8  261 
1224 


8  106 
8  16B 
8  141 
8114 
8  08S 


8  069 
8  081 
8C04 
7  975 
7  049 


921 
894 
867 
889 
812 

78i 

757 

7as 

702 
7  675 


647 
620 
503 
565 
688 


7  610 
7  483 
7  456 
7  425 
7  401 


7  874 
7  847 
7  319 
7  292 
7  265 

7  237 
7  210 
7  183 
7  156 
7  125 

0.17  101 
an. 


og.  Ti 


Log.  Cm,I  d 


t 


9 


02 


02  97 
02  96 
02  2ft 
02  288 
02  244 


03  28S 
02  227 
02  21 
02 


02  218 
02  01Q 

ma 


02110 


02  110 
02102 
02  004 
09  086 
02  077 


02  080 
02  060 
02  062 
02  043 
02  086 


92  027 
02  018 
02  010 
02  001 
01  008 


01081 
91076 
01067 
91059 
01961 

01  042 
01084 
91925 
91  017 
91  9^ 

91  000 
91  801 
01  883 
91  874 
91  8B6 


9  91  857 
Log.  Sin. 


n 

4* 

49 

Mi. 

86 


d. 


^m 


^nn 


P.P. 


30 
91 
91 

1 


I 


96 
94 
91 


99 

Sk 

90 
It 
19 

If 

10 


16 
14 
18 
19 
11 


8 

T 
6 


0 

4 
• 
9 

O 


lar 


0<)(i 


.E  VII.— LOGARITHMIC  SINES.  COSINES.  TANGENTS. 

AND  COTANGENTS.  14af 


d. 

17 
17 
17 
17 

17 
17 
17 
17 
17 

17 
17 
11 
17 
17 

17 
17 
17 
17 
17 

17 
17 
17 
17 
17 

17 
17 
17 
17 
17 

17 
17 
17 
17 
17 

17 

171 

17 

17 

17 

17 
17 
17 
17 
17 

16 
17 
17 
17 
17 

16 
17 
17 
16 
17 

17 

16 
17 
17 
Ig 

17 


Log.  Tan. 


86  126 
86  152 
86  179 
86  206 
86  232 


86  259 
86  28& 
86  312 
86  338 
86  365 

86  39i 
86  418 
86  444 
86  471 
86  497 


86  524 
86  550 
86  577 
86  60S 
86  630 


36  650 
86  683 
86  70§ 
86  736 
86  762 


86  788 
86  815 
86  841 
86  868 
86  894 


86  921 
86  947 

86  97S 

87  000 
87  026 

87  053 
87  079 
87  105 
87  132 
87  15§ 


87  185 
87  211 
87  237 
87  264 
87  290 


87  316 
87  343 
87  369 
87  395 
874  2  2 

87  448 
87  474 
87  501 
87  52? 
87  5^53 

87  580 
87  60S 
87  632 
87  659 
87  685 

87  7lt 


Log.  Cot. 


C.d. 

2g 
26 
27 
26 

2g 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
2fi 
26 
26 

26 

cTT. 


Log,  Cot. 


13  874 
13  84? 
13  821 
13  794 
18  76? 


13  741 
13  711 
13  688 
13  661 
13  635 


13  606 
13  582 
13  556 
13  529 
13  502 


13  47E 
13  449 
13  423 
13  39L 
13  37C 


13843 
13  317 
13  290 
13  264 
1823? 

13  2li 
13  185 
13  15g 
13  132 
13  105 


Log*.  Cos. 


18  078 
18  052 
13  026 
13  000 
12  975 


12  947 
12  920 
12  891 
12  868 
12  841 


12  815 
12  789 
12  762 
12  736 
12  7C& 


12  68? 
12  657 
12e3r 
12  60? 
12  576 


12  55T 
12  52! 
12  49P 
12  475 
12  446 


12  420 
12  39S 
12  36? 
12  341 
12  315 


Q.  12  288 

Log.  Tan. 


90  796 
90  786 
90  77? 
90  768 
90  759 


90  750 
90  740 
90  731 
90  722 
90  713 


90  708 
90  69$ 
90  685 
90  676 
90  666 


90  65? 
90  648 
00  639 
90  629 
90  620 


90  611 
90  602 
90  592 
90  583 
90  574 


90  564 
90  555 
90  546 
90  536 
90  527 


90  518 
90  508 
90  499 
90  490 
90  480 


90  471 
90  461 
90  452 
90  44 
90  48: 


90  424 
90  414 
90  405 
90  396 
90  386 


90  877 
90  367 
90  358 
90  348 
90  339 


90  330 
90  320 
90  311 
90  801 
90  292 


90  282 
90  273 
90  268 
90  254 
9gjf45 

90  235 


Log.  Sin. 


d. 


9 
9 
9 
9 

9 
8 
9 
9 
9 

5 

I 

9 
9 

9 
5 
9 
9 
9 

9 
5 
9 
9 

8 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 


9 
9 
9 
9 
9 

9 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 


T 


50 
49 
48 
47 
46 


45 
44 
43 
42 
41 

40 

89 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


15 
14 
13 
12 
11 


10 

9 
8 

7 
B_ 

5 

4 
S 
2 
1 


0 


P.  P. 


6 

7 

8 

9 

10 

20 

80 

40 

50 


6 

7 

8 

0 

10 

20 

80 

40 

60 


27 

U 
U 

4.5 

9.0 

13.5 

18.0 

22.5 


2.6 
3 
3 
4 
4 
8  [ 
13  k 

17. e. 


22.1J21 


26 

2 

8 

3 

3 

4 

8 
IS 
IV 


It 

1 

2 

2 

2 

2 

5 

8 
11 
14 


6 

7 

8 

9 

10 

20 

SO 

40 

60 


09 


3.1 

6.3 
7.9 


9 

{:i 

1.5 
SO 
4.5 
6.0 
7.6 


P.P. 


699 


NT 


lBLE  VII.— LOQARITI       3  SINES,  COSINES.  TANGENTS. 

AND  vA^TANGENTS. 


l^i' 


o 


Jn.  d. 


6 

5 
5 
6 
5 
5 

15 


Log.  Tan. 


9 


89  281 
89  307 
89  333 
89  359 
89  385 


89  411 
89  437 
89  463 
89  489 
89  515 


89  541 
89  567 
89  593 
89  619 
89  649 


89  671 
89  697 
89  723 
89  749 
89  775 


89  801 
89  827 
89  853 
89  879 
89^905 

89  931 
89  957 

89  98J 

90  008 
90  0^ 

90  060 
90  086 
90  115 
90  138 
90  164 

90  190 
90  216 
90  242 
90  268 
90  294 


90  31 
90  34 
90  37 
90  39? 
90  423 

90  449 
90  475 
90  501 
90  52| 
90  552 


90  578 
90  60^ 
90  630 
90  656 
90  682 


90  707 
90  73 
90  75 
90  78 
90  811 


90  837 


d.  iLog.  Cot. 


c.d. 

26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
25 
26 
26 

26 
26 
26 
26 
25 

26 
26 
26 
26 
26 

2S 
26 
26 
26 
25 

26 

26 

2 

2 

26 

26 

2 

2 

26 

26 

25 
26 
26 

2 
2 

26 
c.d. 


Log.  Cot. 


10  719 
10  693 
10  667 
10  641 
10  615 


10  669 
10  563 
10  687 
10  511 
10  485 


10  459 
10  483 
10  407 
10  381 
10  865 


10  329 
10  303 
10  277 
10  251 
10  225 


10  199 
10  173 
10  147 
10  121 
10  095 

10  069 
10  04$ 
10  012 
09  991 
09  965 

09  931 
09  911 
09  882 
09  861 
09J88 

09  810 
09  784 
09  758 
09  732 
09  706 


09685 
09  654 
09  62{ 
09  602 
09  577 


09  551 
09  525 
09  499 
09  473 
09  447 


09  421 
09  395 
09  370 
09  344 
09  318 


09  292 
09  266 
09  240 
09  214 
09  189 

09  163 


Log.  Cos. 


89  653 
89  64| 

88  631 

89  62S 
80  613 


80  604 
89  594 
89  584 
89  674 
89  564 


89  55^ 
89  54i 
89  68^ 
89  52i 
89  51^ 


89  50i 
89  49^ 
89  48i 
89  47^ 
89  46^ 


89  46^ 
89  44^ 
89  43i 
89  42 


424 
414 


89L 
89  404 
89  391 
89  38 
89  37 
89  364 


89  35| 
89  344 
89  334 
89  324 

89  304 

88  294 

89  284 
89  274 
89  26 


89  25 
89  24 
89  23_ 
89  223 
89  218 

89  203 
89  19 
89  18 
89  17 
89  16 


89  153 
89  142 
89  132 
89  121 
89  111 


89  101 
89  091 
89  081 
89  070 
89  060 


§ 
10 
10 
10 

9 
10 
10 
10 
10 

10 
9 

10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 

18 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
lO 
10 
10 

18 

10 
10 
10 

18 
18 

10 
10 


60 

59 
58 
57 

58 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 

40 

39 
38 
37 
36 

35 
34- 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21, 

20 

19 
18 
17 

13 
15 
14 
13 
12 
11 


10 

9 
8 
7 
6 


5 
4 
3 
2 
1 


0  09  163  9  89  050  ^"   0 
Log.  Tan.lLog.  Sin.  d.  I  ' 


P.P. 


tmmm 


26 

6 

7 

2 
8 

1 

8 

3 

.' 

9 

8 

■  9 

10 

4 

q 

20 

8 

6 

30 

18 

0 

4017 

3 

50  21 

6 

2\ 

2S 

30 

84 

38 

42 

85 

12.7 

17  Q 

21.3 


6 
7 
8 
9 

10 
20 
80 
40 
50 


16 


1 
1 
2 
2 
2 
5 
8 
11 
13 


16 

1 
1 
2 
2 
2 
5 
8 


0  10 
718 


1.5 
1 

2 

2 

2 

5 

7 
10 
12 


! 


9 


6 
7 
8 
9 

10 
20 
30 
40 
50 


^? 


12 

14 

16 

1.7 

35 

5.2 

7 

8 


:? 


FT 
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k.BLE  VII.— LCXJARIThMlU  SlNias,  UKJoincja,  liii^uxiuw^^, 

AND  COTANGENTS. 


139* 


d. 


15 
15 
15 
15 

15 
15 
15 
15 
15 

15 
15 
15 
U 
15 

15 
15 
15 
15 
13 

15 
15 
15 
14 
15 

15 
14 
15 
15 
1? 

15 
14 
15 
15 
13 

15 
li 
15 
13 
13 

15 
13 
15 
13 
13 

15 
13 
13 
15 
13 

13 
13 
15 
13 
13 

13 
13 
13 
13 
15 

13 
T 


Log.  Tan.  c.  d. 


92  381 
92  407 
92  432 
92  458 
92  484 

92  509 
92  53') 
92  561 
92  586 
92  612 

92  638 
92  60S 
92  689 
92  713 
92  745 

92  786 
92  791, 
92  817. 
92  842 1 

92  8. "P. 


92  894 
92  919 
92  945 
92  971 

92  996 

93  022 
93  047 
93  073 
93  09$ 
93  123 


93  150 
93  175 
93  201 
93  226 
93  252 

93  278 
93  30S 
93  329 
93  353 
93  380 


93  405 
93  431 
93  456 
93  482 
93  508 

533 
559 
583 
610 
635 


93 
93 
93 
93 
93 


93  661 
93  68g 
93  712 
93  73? 
7_83 

785 
814 
840 
865 
891 


93 

93 
93 
93 
93 
93 


93  916 


Log.  Cot. 


Log.  Cot. 


07  618 
07  593 
07  56f 
07  541 
07  516 


Log.  Cos. 


9 
3 
9 
9 
9 

07  495  9 
07  4G5 
07  439 
07  413 
07  388 

07  362 
07  338 
07  311 
07  285 
07  259 


07  234] 
07  208 
07  183 
07  157 
07  131 


07  105 
07  080 
07  055 
07  029 
07  003 


06  978 
06  952 
06  927 
06  90! 
08  875 


06  850 
06  823 
06  799 
06^78 
06  748 


06  722 
06  696 
06  671 
06  645 
06  65^0 


06  593 
06  569 
06  543 
06  518 
06_492 

06  468 
06  441 
06  415 
06  390 
06  3_63 

339 
313 
288 
262 
237 


06 
06 
06 
06 
06 

06 
06 
06 
06 

93. 
Ofi 


21I 
186 
160 
133 
109 

083 


c.  d.'Log.  Tan. 


88  425 
88  415 
88  404 
88  393 
88  383 


88  372 
88  361 
88  351 
88  345 
88  328 


88  319 
88  308 
88  297 
88  287 
88  276 


88  265 
88  255 
88  243 
88  233 
88  223 


88  212 
88  201 
88  195 
88  180 
88  169 


88  158 
88  147 
88  137 
88  12g 
88  115 


88  104 
88  094 
88  083 
88  072 
88  061 


88  055 
88  038 
88  029 
88  018 
88  007 


87  99 
87  98 
87  973 
87  963 
87_953 

87  942 
87  931 
87  920 
87  909 
87  898 


87  887 
87  876 
87  865 
87  853 
87  844 


87  833 
87  822 
87  811 
87  800 
87  789 


87  778 


Log.  Sin. 


d. 
15 

iJ 

15 

15 
11 

Ig 

11 

15 
15 
11 
15 
15 

11 
15 
15 
11 
15 

11 
10 
11 
15 
11 

15 
11 
15 
11 
15 

11 
15 
11 
11 
15 

11 
11 
15 
11 
11 

15 
11 
11 

\h 

11 
11 
11 
15 
11 

11 
11 
11 
11 
15 

11 
11 
11 
11 
11 

11 


d. 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 

32 
31 


80 

29 
28 
27 
26 


25 
24 
23 
22 

-21 
20 
19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 
8 
7 
6 


O 


P.P. 


6 

7 

8 

9 
10 
20 
30 
40,17 
60  21 


26 

2 
3 
3 
3 
4 
8 
13 


2n 

2S 
30 
3.4 
3.§ 
42 
8.5 

12.7 

17. 

21. 


6 

7 

8 

9 

10 

20 

80 

40 

50 


15 

15 

1.5 

15 

If 

1.7 

2.5 

2-0 

2.3 

2.2 

2.6 
5.1 

25 

50 

7.1 

7.5 

10.3 

10.0 

12-9 

12-5 

u 

22 
2 

4.1 

7. 

9- 

12.1 


11 

11 

1:1 


6 
7 

91.8 
10;1.8 
20!3.6.. 
80.5. 5  5.2 
40,7.37  Q 
60  9.1  8.7 


1.2 
1-4 

? 

5 


TTT 
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B  Til.— tOQAaiTR  Minis,  TAHOtrtrtS. 


TABLE  VII.— LOGARITHMIC  SINES,  COSINES,  TANGENTS, 

AND  COTANGENTS.  136* 


:•  sin. 


14  177 
14  190 
14  203 
14  216 
14  229 


14  242 
)4  255 
I4  26S 
t4  28l 

14  294 


(4  307 
14  320 
t4  33S 
14  34B 
14_359 

14  372 
14  385 
!4  398 
14  411 
;4  424 


14  437 
14  450 
14  463 
14  476 
(4  489 


t4  502 
(4  514 
14  527 
)4  540 

J4_553 

S4  566 
54  579 
34  592 
34  604 
34  617 


84  630 
84  643 
84  656 
84  669 
84  681 


84  694 
84  707 
84  720 
84  732 
84  745 


84  758 
84  771 
84  783 
84  796 
84  809 


84  822 
84  834 
84  847 
84  860 
84  B72 

34  885 
34  898 
34  910 
J4  923 
H  936 


H  948 
'.  Cos. 


d. 


13 
13 
13 
13 

13 
13 
13 
13 
13 

13 
13 
13 
13 
13 

13 
13 
13 
13 
13 

12 
13 
13 
13 
13 

13 
12 
13 
13 
13 

15 
13 
13 
12 
13 

13 

\l 

13 
12 

1« 
12 
13 
1§ 
13 

12 
13 
12 
13 
12 

13 
12 
12 
13 
12 

12 
13 
12 
12 
13 

IS 

T 


Log.  Tan. 


98  48S 
98  509 
98  53i 
98  55§ 
98  585 


98  610 
98  635 
98  660 
98  686 
98  711 


98  736 
98  762 
98  787 
98  812 
98  837 

98  863 
98  888 
98  913 
98  933 
98  964 


98  98§ 

99  014 
99  040 
99  065 
99  090 


99  115 
99  141 
99  166 
99  191 
99  216 


99  242 
99  267 
99  292 
99  318 
99  343 


99  368 
99  393 
99  419 
99  444 
99  469 


99  494 
99  520 
99  545 
99  570 
99  595 


99  621 
99  646 
99  671 
99  697 
99  722 

99  747 
99  772 
99  798 
99  823 
99  843 


99  873 
99  899 
99  924 
99  949 
99  97i 


0. 00  000 


Log.  Cot. 


c.d. 

25 
25 
25 
25 

25 
2S 
25 
2g 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 

25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 

C.d. 


Log.  Cot. 


01  516 
01491 
01465 
01440 
01415 


01  390 
01364 
01  339 
01  314 
01  289 


01263 
01238 
01213 
01  187 
01^162 

01  137 
01  112 
01  086 
01061 
01  036 


01  010 
00  985 
00  960 
00  935 
00  909 

00  884 
00  859 
00  834 
00  803 
00  783 

00  758 
00  733 
00  707 
00  682 
00  657 

00  63l 
00  606 
00  581 
00  556 
00  530 


00  505 
00  480 
00  455 
00  429 
00  404 


00  379 
00  353 
00  323 
00  303 
00  278 


00  255 
00  227 
00  202 
00  177 
00  15l 


00  126 
00  101 
00  076 
00  050 
00  025 

00  ono 
Log.  Tan. 


Log.  Cos. 


85  693 
85  681 
85  669 
85  657 
85  644 


85  632 
85  620 
85  608 
85  595 
85  583 


85  571 
85  559 
85  546 
85  534 
85  522 


85  50i 
85  497 
85  485 
85  472 
85  460 


85  448 
85  435 
85  423 
85  411 
85  393 


85  386 
85  374 
85  361 
85  349 
85  333 


85  324 
85  312 
85  299 
85  287 
85  274 


85  262 
85  249 
85  237 
85  224 
85  212 


85  199 
85  187 
85  174 
85  162 
85J49 

85  137 
85  124 
85  112 
85  099 
85  087 


85  075 
85  062 
85  049 
85  037 
85  024 


85  011 
84  999 
84  986 
84  974 
84  961 

84  948 


Log.  Sin. 


d. 

12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
13 

12 
12 
12 
12 
13 

12 
T 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 
50 
49 
48 
47 
46 

45 
44 
43 
42 

IL 
40 

39 
38 
37 
36 


35 
34 
33 
32 

31 
30 

29 
28 
27 
26 


25 
24 
23 
22 
2] 


30 

19 
18 
17 
16 


15 
14 
13 
12 

11 

10 

9 

8 

7 
6 


0 


P.P. 


25 

6 

2-5 

7 

30 

8 

3-4 

9 

38 

10 

4.2 

20 

85 

30 

12.7 

40 

17-0 

50 

21.2' 

6 

7 

8 

9 

10 

20 

30 

40 

50. 


15 


1 

3 

1 

6 

1 

8 

2 

0 

2 

2 

4 

5 

6 

7 

9 

0 

11 

2 

13 

1.3 
15 

1-2 
l.p 

2.1 

4.S 

65 

8.6 

lO-S 


12 

12 

6 

1.2 

1.2 

7 

1 

4 

14 

8 

1 

3 

1.6 

9 

1 

9 

1.8 

10 

2 

) 

20 

20 

4 

I 

40 

30 

6 

2 

60 

40 

8 

3 

80 

50 

10 

•  4 

10. 0 

P.P. 
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VERSED  SINES  AND  EXTERNAL  SECAN 


VIII.— LOGARITHMIC  VERSED  SINES  AND  EXTERNAL  SECANT* 


g&BLEVIII.— TXXSARt-niMICVETtSED  SINESAHD 


VERSED  SINES  AND  EXTEBNAL  SBCAin& 


vehsed  9INE8  and  EXTBRKAL  SECAWn. 


VERSEH  SINES  AND  EXTERNAL  8ECAWT8. 


4PABLE  VIII.— LQQARITHMIC  VERSED  8INESAND  {SCIliilUrALflaCIAVBl 
24°  »5° 


'J""* 

J.  Vers. 

'cTf 

93679 

1  . 

93738 

2 

93797 

3 

93857 

4   • 

88916 

5  8- 

93975 

6 

94031 

7 

94094 

8 

94153 

9   ■ 

94212 

10  8 

94271 

11 

94330 

12 

94389 

13 

94448 

14 

94506 

15  8 

94505 

16   • 

94624 

17   . 

94683 

18   • 

94742 

19 

94800 

20  8 

94659 

21 

9491? 

22 

94976 

23   . 

95034 

24 

95093 

25  8 

95151 

26 

95210 

27 

96268 

28   ■ 

95326 

29 

95384 

liO  8 

95443 

31 

95501 

32 

95559 

33 

9061? 

34 

9567g 

35  8 

96733 

36 

95791 

37 

95849 

38 

95907 

39 

9riflfiR 

4<»8 

96023 

41 

9608C 

42 

9C138 

43 

9619C 

44 

9025S 

45  8 

96311 

46 

9633L 

47 

9642C 

48 

96483 

49 

96541 

50  8 

9650r. 

51   . 

96656 

52   . 

9671? 

53   . 

9677r 

54 

968^7 

55  8- 

96885 

56   . 

96942 

57   . 

96999 

58   . 

9705?? 

59   . 

97115 

8  - 

T 

J> 

59 
59 
59 
59 

59 

5S 
59 
59 
59 

59 
59 
59 
58 
58 

59 
59 
58 
59 
5S 

58 

56 

5g 

5 

6 

58 
58 
58 
58 
58 

58 
58 
58 
58 
58 


/> 


Log.Exs. 


8 


8 


8 


8 


8 


8 


8 


9 


9 


97606 
97671 
97736 
97801 
9786S 

97930 
9799S 
98060 
98125 
98190 

98251 
98819 
08383 
984;i8 
98513 

98577 
98642 
98706 
98770 
98835 


98899 
9896S 
99028 
99092 
99156 

99220 
99281 
90341 
99412 
99476 

99540 
00604 
0066E 
00732 
99796 

99860 
99921 
99987 
00051 
OOlU 


9.00178 
00242 
00305 
00369 
00432 

00495 
0055S 
00622 
00686 
00749 

00815 
00875 
0093@ 
01002 
01065 

01128 
01191 
01254 
01317 
01380 

01443 
Lojr.Exs. 


li 


64 
63 
64 
68 
63 

64 
63 
63 
63 
63 

63 
63 
63 
63 
63 

63 
63 
63 
63 
63 

63 
63 
63 
63 
63 

63 


Lg.  Vers. 


8 


8 


8 


8 


8 


8 


8 


8 


8 


9 


97170 
07227 
07284 
07341 
07308 

07466 
07511 
0766& 
07626 
07681 

07786 
07705 
07851 
07008 
0.7064 

08020 
08077 
08133 
08100 
08246 


0830 
0835 
0841 
0847 
08527 

08583 
08680 
08606 
08750 
08806 

08802 
08018 
08074 
00G3C 
09065 

99141 

99197 

99252 

993G 

9936 


8  00410 
09473 
99628 
09685 
99640 

09605 
09751 
09806 
9986! 
99916 

999  7T 
0002r 
0008T 

001 3r 

00191 

0024f 
0030T 
0035C 
00411 
004  6  f 

ooRr>r 

Lg.  VtTs. 


57 
56 
67 
57 

U 

56 
56 

66 
57 
56 
56 
66 

U 

66 
66 
66 

66 
66 
56 

5fi 
66 

66 
56 
56 
So 
66 

66 
66 
55 
56 
65 

65 
66 
55 
65 
65 

65 
65 
55 
55 
55 

65 
55 
55 
55 
55 

55 
55 
55 
55 
55 

55 
55 
55 
54 
55 

54 

77 


Log.Exs.  X> 


9 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


L448 
L60& 
L66l 


01 

0160 

016 

01681 

01604 

0176 

0181 

0188 

018 

02^ 

0a07C 

02182 

02106 

0226 

0281 


82 

n 

0? 


I 


02882 
02444 
02606 
02668 
0^681 


0269 

0276 

0281 

02880 

02042 


03004 
08066 
03128 
08100 
03262 

osh 

0387 
0343 
03408 
03661 


03622 

03684 

0374! 

0380 

0|££0 


03080 
03002 
04068 
04116 
04176 


04238 
04200 
04860 
04421 
04483 


00464 
0460 
0466 
0472 
0478 

04860 
04011 
04072 
05033 
05093 

on]  53 

Log.Exs. 


!f 


!t 


Ji 


/> 


P.P. 


w^^ 


6 

7 
8 
0 

10 
20 
80 
4C 
5C 


8 

7 

\ 

10 
SO 
80 
40 
00 


0 

7 
8 

fi 
10 
30 
80 
40 
60 


6.5 

7. 

8. 

9. 
10. 
21. 
82. 
48- 
54. 


f 


f: 

8. 
9. 
9. 

1:1 


6 


19. 1 

29.0 
88.8 
48.8 


I 


I 


e 

7 

8 

9 

10 


40 
BO 


720 


eVTII.— LOOARITHHIC  VER8KD  S1NE8  AND  EXTERNAL  SECAinA 


TXRSED  SINES  AND 


VERSED  eiNES  AND  EXTERNAL  SEX3ANTS 


■ABLE  VIII.— IXXIARITHMIC  VERSED  SINES  AND  EXTERNAL  SECANTBL 


TkTiLE  VIII.— LOGARITHMIC  VERSED  SINES  AND 


VERSES  SINES  AND  EXTERNAL  SECANTS. 


rAHI^VIIl,— LOOARITHMIC  VERSED  SI 


VERSED  SINES  AMD  BXTERNAi:,  6EBJ 


^^^^^  VERSED  SINES  AND  MtHrMMB  U 


TABLE  VIII.— LOQAHITHMIC  VERSED  SINES  AND  EXTERKAL  SECANTS. 


TABLG  VIII.— LOQARITHHIC  VERSED  SINES  AHD 


■-B  nil.— LOQAIUTHMIC  TGRSZD  8  AND  EXtKBKAL  SECL 


VERSED  etNES  AND  EXTERNAL  8ECANTE 
3 


rABLEVUL—I-OQAIlITIIMIC  VERSED  S1NE3  AND  EXTERNAL  SECANTS 


VERSED  SINEa  AND  EXTEHNALSl 


VERSED  9INE9  AND  EXTERNAL  SECAHTSL 


.—LOGATllTHMIC  VERSED  SINES  AND  EXTEHKAL  SECANTIh 


TABLE  VIU,— LOQARITHUIC  VERSED  SINES  AND  EXTEONAl,  BBCAII 


n'ABLEVIII.—LOQARITaUIOVEnBBD  SINES  AND  SXTERNALBECANIl. 


TABLE)  VIII.— LOOARnBaiC  VERSEX)  SINEB  AND  KXTERNAt, 


VERSED  81 NES  AND  EXTERNAL  SBCAMTa 


IC  VKR»E:D  SINFB  AND  EXTERNAL  SBC 


ABLE  IX.— NATURAL  SINES.  COSINES,  TANGENTS,  AND  COTANGEMTR 


[ABLE  IX.— If]mHtAL  SINES.  COSINES,  TANGENTS,  AND 


IP  SINES.  COSINES.  TANQENTB.  AND  COTANQENIS. 


C IX.— NATURAL  SINES,  COSINES,  TANGENTS,  AND  COTANGENTa 


12^ 


13* 


Sin.    Cos. 

Tjxn.  i   Cot. 

Sin. 

Cos. 

Tan. 

Cot. 

/ 

0791 
0820 
0848 
0877 
0905 

.97815 
.97809 
.97803 
.97797 
.97791 

.97784 
.97778 
.97772 
.97766 
.97760 

.21256 
.21286 
.21316 
.21347 
.21377 

.21408 
.21438 
.21469 
.21499 
.21529 

4. 
4. 
4. 
4. 
4 

70463 
69791 
69121 
68452 
67786 

.22495 
•22523 
.22552 
■22580 
.22608 

97437 
.97430 
.97424 
.97417 
.97411 

■23087 
.23117 
.23148 
.23179 
. 23209 

.23240 
.23271 
.23301 
23332 
•23363 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

33148 
32573 
32001 
31430 
_30860 

30291 
29724 
29159 
28595 
28032 

27471 
26911 
26352 
25795 
25239 

60 

59 
58 
57 
56 

0933 
0962 
0990 
1019 
1047 

4. 
4- 
4. 
4- 
4 

67121 
66458 
65797 
65138 
64480 

.22637 
.22665 
. 22693 
.22722 
.22750 

.22778 
.22807 
•22835 
. 22863 
.22892 

.97404 
.97398 
.97391 
•97384 
•97378 

55 
54 
•53 
52 
51 

1076 
1104 
1132 
1161 
1189 

.97754 
•97748 
.97742 
.97735 
.97729 

.21560 
.21590 
•21621 
.21651 
•21682 

•21712 
•21743 
•21773 
•21804 
.21834 

4- 
4 
4 
4 

4 

63825 
63L71 
62518 
61868 
61219 

•97371 
•97365 
•97358 
•97351 
.97345 

23393 
.23424 
.23455 
. 23485 
■23516 

50 

49 
48 
47 
46 

1218 
1246 
1275 
1303 
1331 

•97723 
•97717 
•97711 
97705 
.97698 

4 
4 

1  4 
4 

J. 

60572 
59927 
59283 
58641 
58001 

■22920 
.22948 
■22977 
.23005 
•  23033 

.97338 
.97331 
.97325 
.97318 
•97311 

.23547 

.28578 

.23608 

23639 

23670 

4 
4 
4 
4 
4 

24685 
24132 
23580 
23030 
22481 

45 
44 
43 
42 
41 

1360 
1388 
1417 
1445 
1474 

.97692 
•97686 
•97680 
.97673 
.97667 

.21864 
.21895 
.21925 
.21956 
.21986 

4 
4 

t 

4 

57363 

56726 

56091 

•  55458 

■  54826 

.23C62 
.23090 
•23118 
.23146 
•23_175_ 

■  23203 
■23231 
.23260 
.23288 
•23316 

•97304 
•97298 

97291 
•97284 

97278 

.23700 
23731 
.23762 
.23793 
.23823 

.23854 
.23885 
.23916 
.23946 
.23977 

.24008 
. 24039 
. 24069 
.24100 
.24131 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

21933 
21387 
20842 
20298 
19756 

19215 
18675 
18137 
17600 
17064 

40 

39 
38 
37 
36 

1502 
1530 
1559 
1587 
1616 

•97661 
.97655 
.97648 
.97642 
■97636 

•22017 
•22047 
•22078 
•22108 
.22139 

.22169 
.22200 
.22231 
.22261 
.22292 

.22322 
.22353 
.22383 
.22414 
•  22444 

4 
4 
4 
4 
4 

54196 
■53568 
■  52941 
•52316 
•51693 

.97271 
•97264 
•97257 
.97251 
•97244 

35 
34 
33 
32 
31 

1644 
1672 
1701 
1729 
1758 

.97630 
.97623 
.97617 
.97611 
.97604 

4 
4 
4 
4 
4 

51071 
■  50451 
■49832 
■49215 
•48600 

. 23345 
•23373 
•23401 
•  23429 
23458 

23486 
•23514 
•23542 
•23571 
•23599 

97237 
.97230 
.97223 
.97217 
.97210 

.97203 
.97196 
.97189 
.97182 
.97176 

4 
4 
4 
4 
4 

16530 
■15997 
■15465 
■14934 
■  14405 

30 

29 
28 
27 
26 

1786 
1814 
1843 
1871 
1899 

.97598 
.97592 
.97585 
.97579 
.97573 

4 
4 
4 
4 
4 

■47986 

■47374 

■46764 

46155 

45548 

.24162 
.24193 
. 24223 
. 24254 
•  24285 

4 
4 
4 
4 
4 

13877 
■13350 
■12825 
■  12301 

11778 

25 
24 
23 
22 
21 

1928 
1956 
1985  i 
2013  1 
2041  ! 

.97566 
.97560 
.97553 
•97547 
.97541 

.22475 
.22505 
.22536 
.22567 
•22597 

4 
4 
4 
4 
4 

4 
4 
4 
4 
_4_ 

4 
4 
4 
4 
4 

44942 
44338 
43735 
43134 
42534. 

41936 
41340 
40745 
40152 
39560 

38969 
38381 
37793 
37207 
36623 

•23627 
•93656 
•23684 
23712 
•  23740 

•97169 
.97162 
.97155 
•97148 
•97141 

.24316 
.24347 
.24377 
. 24408 
. 24439 

4 
4 
4 
4 
4 

11256 

10736 

10216 

■09699 

■09182 

20 

19 
18 
17 
16 

2070  , 

2098 

2126 

2155 

2183 

.97534 
.97528 
.97521 
•97515 
.97508. 

.97502 
•97496 
.97489 
•97483 
.97476 

.22628 
•22658 
.22689 
.22719 
.22750 

. 22781 
.22811 
. 22842 
.22872 
.22903 

. 22934 
.22964 
.22995 
.23026 
•23056 

23769 
23797 
23825 
23853 
•23882 

.97134 
■97127 
■97120 
.97113 
.97106 

.24470 
.24501 
.24532 
.24562 
.24593 

4 
4 
4 
4 
4 

08666 

■08152 

07639 

07127 

■06616 

15 
14 
13 
12 
11 

2212 
2240 
2268 
2297 
2325 

.23910 
.23938 
23966 
.23995 
•  24023 

.97100 
.97093 
.97086 
.97079 
■97072 

.24624 
.24655 
.24686 
.24717 
.24747 

. 24778 
.24809 
. 24840 
■24871 
■  24902 

•24933 

4 
4 
4 
4 
4 

06107 
05599 
■05092 
04586 
04081 

10 

9 
8 
7 
6 

2353 
2382 
2410 
2438 
2467 

.97470 
.97463 
.97457 
97450 
_97444 

97437 

4 

4- 

4- 

4. 

4- 

36040 
35459 
34879 
34300 
33723 

.24051 
. 24079 
.24108 
24136 
.24164 

24192 

■97065 
•97058 
■97051 
■97044 
■97087 

■97030 

4 
4 
4 
4 
4 

03578 
03076 
02574 
02074 
01576 

5 
4 
3 
2 
1 

2495 

. 23087 

4 

33148 

4 

01078 

^0 

Uod. 

Sill.    Cot. 

Tan.   1 

Cos. 

Sin. 

Cot. 

Tan. 

/ 

77* 


759 


7tf* 


TAHLE  IX.— NATURAL  SINES,  COSINES.  TAXOENTS,  AND  COTANGKNXa 


14'' 

15' 

r 

Sin. 

!  fv.s. 

i.  97030 

•97023 

•97015 

j • 97008 

!•  97001 

1  ■ 96994 

!•  96987 

•96980 

^ 96973 

96966 

•96959 

■96952 

96945 

96937 

. 96930_ 

96923 
96916 
96909 
96902  , 
96894 

Tan. 

Cot. 

Sin. 

'   C<K<. 

-96593 

-96585 

96578 

1-96570 

-96662 

-96555 
-86547 
-96540 
-96532 
-96524. 

■96517 
■96509 
■96503 
■96494 
;.  96486 

-96479 
-96471 
. 96463 
-96456 
96448 

Tan. 

c..t. 

f 

0 

1 

2 
3 
4 

■24192 
.24220 
-  24249 
.24277 
.24305 

.24333 

.24382 

. 24390 

24418 

•  2444  8_ 

. 24474 

. 24503 

.24531 

24559 

24587 

24615 

•  24644 
. 24672 
. 24700 

24728 

■  24933 
.24964 
■24995 
.25026 
-25056 

4- 01078 
4- 00582 
4. 00086 
399592 
3  99099 

3-98607 
398117 
3  97627 
3  97139 
3 •96651 

3 ■96165 
3-95680 
3  95196 
$■94713 
3  94232 

■25882 
■25910 
■25938 
-25966 
-  25994 

■26795 
.■26836 
:■  26857 
!■  26888 

-26920 

26951 

26982 

27013 

-37044 

-  37076 

■27107 
:- 27138 
-37169 
■  37301 
■37333 

3 •73305 
3. 72771 
3-72338 
3-71907 
3.71476_ 

3-71046 
3. 70616 
3. 70188 
3. 69761 
3. 69835 

3. 68909 
^68485 
3  68061 
3-67638 
3-87217 

m 

59 
58 

57 
56 

5 
6 
7 
8 
9 

.25087 
■25118 
■25149 
■25180 
■25211 

■25242 
25273 
.25304 
■25335 
■25366 

25397 

25428 

.25459 

■25490 

25521 

.25552 
■25583 
■25614 
■25645 
25676 

-  26022 
-26050 
■  26079 
■26107 
•26135 

55 
54 

5S 
53 
51 

10 

11 
12 
13 
14 

•26163 
■26191 
■26219 
■26247 
■26275 

49 
41 

47 
4fl 

15 
16 
17 
1ft 
19 

3-93751 
3-93271 
3 ■92793 
-  3-92316 
3  91839 

■  26303 
•  26331 
•26359 
•26387 
26415 

■  37363 

1- 37394 

1.37338 

37357 

. 37388 

3. 66796 

1  3-66376 

3-66957 

3-65538 

-  3-85121 

45 

44 
43 

4:^ 

20 

21 
22 
23 
24 

24756 
24784 
24813 
24841 
24869 

24897 
•24925 

24954 
■24982 

25010 

■25038  ' 
■25066  i 
25094  ■ 
.25122 
.25151  ■ 

■96887  i 
■96880  > 
.•96873 
96866 
■96858 

■96851 

■96844 

96837 

96829  , 

96822 

■96815 
■96807 
■96800 

96793  . 

96786_' 

■  96'778  '■ 
96771 

■96764 
•96756  . 
■96749 

•96742 

■96734  • 

•96727 

96719 

96712 

■96705 
■96697 
■96690 
96682 
■96675.1 

96867 
•  (46660 
■96853  . 
-96645 

■  96fi38_ 

.  96630 
.9S623 
.96615 
■06608  , 
■96600  ' 

06503" 

Si'i 
.11.  , 

3-91364 
3-90890 
3-90417 
3  89945 
3  -  89474 

■26443 
. 26471 
•26500 
•26528 
■26556 

■  96440 
■96433 
-  96425 
-96417 
-96410 

. 96402 
96394 

-96386 
96379 

-96371 

37419 

37451 

.374R3 

.27513 

■37545 

■37576 
37607 
27638 
37870 

.27701_ 

.27782 
27764 
27795 

.27836 
27858. 

27889 
■27931 
27953 
27983 
28015 

3-64705 
8. 64389 
3. 63874 
3 •68461 
8-68048 

8.62636 
8. 62334 
3. 61814 
8-61405 
8-60996 

411 
39 
31 
37 
38 

25 
26 
27 
28 
29 

■25707 
■25738 

25769 
■  25800 

25831 

3-89004 
3-88536 
3 ■ 88068 
3. 87601 
3-87136 

■  26584 
•26612 
■26640 

26668 
•26696 

•  26724 
■26752 

■  26780 

■  26808 
•26836 

26864 
•26893 

26920 
■26948 

■  2897«? 

39 
34 
33 

33 

31 

31 
32 
33 
34 

■25862 
25893 
•25924 
•25955 
.2598^ 

3-86671 
3-86208 
3-85745 
3-85284 
3  84824 

96363 
-96355 
-96347 

96340 
•96332 

3. 60588 
8-60181 
8-59775 
8-59870 
8. 58966 

8  -  58562 
8 • 88160 
8  57758 
8- 87857 
3-56957 

.10 
29 
29 
27 
36 

35 
36 
37 
38 
39 

•25179 
•25207 
•25235 
•25263  ! 
•25291  , 

■26017 
■26048  j 
•26079  . 
•26110  i 
•28141 

3  84364 
3  83906 
3  83449 
3  82992 
3  82537 

-96334 
•96316 
•96308 
■96301 
-96293 

29 
34 
23 

33 

21 

\0 

41 
42 
43 
44 

•25320 

-25348 

25376 

25404 

25432 

25460 

25188 

25516 

.25545 

. 25573  . 

25*J01 
•25829 
.25857 
•25685  i 

2571 3_ 

■  25741" 
■25769  ; 
■25798  ' 
■2582R  1 
2')854  ■ 

2SH8.' 

•26172 
26203 
26235 

■26236 
26297 

3  82083 
3  81630 
381177 
3  80726 
3  80276. 

3  79827 
3-79378 
3-78931 
3-78485 
3 • 78040 

3-77595 
3-77152 
3-76709 
3-76263 
3-75828 

3-75388 
3-74950 
3-74512 
3-74075 
3  73640 

1  7.1205 

27004 
27032 
27060 
27088 
27116^ 

■27144 
27172 

•  27200 
-27228 

•  27256_ 

•  27284" 
•27312 

??340 
-27368 
•27396 

27424 
27452 
27480 
■27508 
27536 

27561 

■96285 

96277 

96269 

■96261 

■96353_ 

■  96346 
■96238 
■96230 
■96223 
^9621.4_ 

■96206 
■96198 
■96190 
■96182 
-90.L?4_ 

■  96166 
■96158  . 
-98150  : 
■96142  ' 
•9fil34_! 

06126  ' 

.28046 

28077 

28109 

■28140 

■28173 

■28203 

-28234 

28266 

28297 

■28329 

■28360 
■28391 
■28423 
■  28454 
■28486. 

■28517 

28549 

-28580 

■28612 

28643_ 

?fl675 

3  56557 
3-58159 
3-55761 
3- 55864 
3-54988 

3-54578 
3.54179 
3-53789 
3-58398 
3- 58001 

3-53609 
8 •63319 
8.51839 
8.51441 
_a^81058_ 

8.50668 
8-50378 
3.49894 

8-49500 
3-49125 

3  41741 

19 
11 

17 
16 

45 
46 
47 
48 
49 

r.o 

51 
52 
53 
54 

55 
56 
57 
58 
59  _ 

m 

■26323 
•26359 
■26390 

■  26-121 

■  26_1'S2_ 

■26483 
•26515 
■26546 
■26577 

■  26608^ 

■28639" 
.26670 
-26701 
.26733 
2676-t_ 

■  2fi7n5~ 

15 
14 
IS 
12 
11 

id 

9 
6 
7 

9 

9 
4 

9 

a 

0 

1 

c-..^. 

r,.i. 

■1 

1  .-III. 

t  ■..-.. 

."^iii.  . 

Ct. 

laii. 

r 

75" 


71WI 


74* 


TABLE  IX.— NATURAL  SINES,  COSINES,  TANGENTS.  AND  COTANGENTa 

16°  17'' 


t 

Sin. 

Cos. 

Tun. 

Cot.   1 

Sin. 

Co.s. 

Tan. 

Cot. 

t 

0 

1 

2 
8 
4 

.27564 
.27592 
.27620 
.27648 
.27676 

.96126 
.96118 
.96110 
.96102 
.96094 

.28675 
.28706 
.28738 
.28769 
.28800_ 

.28832 
.28864 
.28895 
.28927 
.28958 

3 
3 
3 
3 
3 

48741 
48359 
47977 
47596 
47216 

29237 

29265 

29293 

.29321 

.29348 

.95630 
.95622 
.95613 
.95605 
.95596 

•95588 
.95579 
.95571 
•95562 
•15554. 

.95545 
.95536 
.95528 
.95519 
.95511 

30573 

.30605 

30637 

30669 

.30700 

3 

3. 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

27085 
26745 
26406 
26067 
25729 

25392 
25055 
24719 
24383 
24049 

23714 
23381 
23048 
22716 
22384 

60 

59 
68 
67 
66 

5 
6 
7 
8 
9 

.27704 
.27731 
.27759 
.27787 
.27815 

.27843 
.27871 
.27899 
.27927 
J27955 

.27983 
.28011 
.28039 
.28067 
.28095 

.96086 
.96078 
.96070 
.96062 
.96054 

.96046 
.96037 
.96029 
.96021 
96013 

. 96005 
.95997 
.95989 
.95981 
95972 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

46837 
46458 
46080 
45703 
45327_ 

44951 
44576 
44202 
43829 
43456. 

43084 
42713 
42343 
41973 
41604 

29376 
. 29404 
.29432 
. 29460 
.29487 

.29515 
.29543 
.29571 
.29599 
•2_9626_ 

.29654 
.29682 
.29710 
.29737 
.29765 

.30732 
•30764 
•30796 
.30828 
.30860 

55 
64 
63 
52 
51 

10 

11 
12 
13 
14 

.28990 
.29021 
.29053 
.29084 
.29116 

.29147 
.29179 
.29210 
. 29242 
.29274 

.30891 
.30923 
.30955 
.30987 
.31019 

50 

49 
48 
47 
46 

15 
16 
17 
18 

ii- 

»o 

21 
22 
23 
24 

.95502 
.95493 
.95485 
.95476 
.95467 

.31051 
.31088 
.31115 
.31147 
.31178 

3 
3 
3 
3 
3 

22063 
21722 
21392 
21063 
20734 

46 
44 
43 
42 
41 

.28123 

.28150 

28178 

28206 

. 28234 

.95964 
.95956 
.95948 
.95940 
.95931 

.29305 
.29337 
.29368 
. 29400 
.29432 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

41236 

40869 

40502 

40136 

3977L 

39406 

39042 

38679 

38317 

37955 

.29793 
.29821 
.29849 
.29876 
. 29904 

.29932 
.29960 
.29987 
.30015 
.30043 

.30071 
.30098 
30126 
.30154 
.30182 

•95459 
.95450 
.95441 
.95433 
.95424 

•31210 
.31242 
.31274 
.31306 
■31338 

3 
3 
3 
3 
3 

20406 

20079 

.19752 

■19426 

19100 

40 

38 
38 
87 
36 

25 
26 
27 
28 
29 

.28262 

28290 

28318 

.28346 

.28374 

.95923 
.95915 
.95907 
.95898 
.95890 

.95882 
.95874 
.95865 
.95857 
.95849_ 

.95841 
.95832 
.95824 
.95816 
.95807 

.29463 
.29495 
.29526 
.29558 
.29590 

.29621 
.29653 
.29685 
.29716 
.29748_ 

.29780 
.29811 
.29843 
.29875 
.29908 

.95415 

.95407 

95398 

95389 

■95380 

.95372 

95363 

.95354 

.95345 

95337 

31370 
.31402 
.31434 
.31466 
.31408 

3 
3 
3 
3 
3 

3 
3 
3 
3 

3 

18775 
18451 
18127 
17804 
17483 

17159 
16838 
16517 
16197 
15877 

86 
84 
83 
32 
81 

30 

81 
32 
33 
34 

. 28402 

. 28429 

28457 

28485 

28513 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

37594 
37234 
36875 
36516 
36158 

35800 
35443 
35087 
34732 
34377 

.31530 
.31662 
.31594 
.31626 
.31658 

.31690 
.31722 
•31754 
•31786 
.31818 

30 

29 
28 
27 
26 

35 
36 
37 
38 
39 

.28541 
.28569 
28597 
.28625 
.28652 

.30209 
.30237 
.30265 
.30292 
.30320 

.95328 
.95319 

95310 
.95301 

95293 

3 
3 
3 
3 
3 

■15558 
15240 
14922 
14605 
14288 

25 
24 
28 
22 
_2i 

40 

41 
42 
43 
44 

.28680 
.28708 
.28736 
.28764 
.28792  , 

.28820 
.28847 
•28875 
.28903 
.28931_ 

.28959 
.28987 
.29015 
. 29042 
^29070_ 

.29098 
.29126 
.29154 
.29182 
. 29209 

.95799 
•95791 
.95782 
.95774 
.  9  578  8_ 

95757 
.95749 
.95740 

95732 
.95724_ 

.95715 

.95707 

.95698 

95690 

95681 

.95673 
.95664 
95656 
.95647 
■95639 

.29938 
.29970 
.30001 
.30033 
.30065 

.30097 
.30128 
.30160 
.30192 
.30224 

.30255 
.30287 
.30319 
.30351 
■30382 

•30414 
.30446 
.30478 
.30509 
.30541 

.30573 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 

34023 
33670 
33317 
32965 
32614_ 

32264 
31914 
31565 
31216 
30868_ 

30521 
30174 
29829 
29483 
29139_ 

28795 
28452 
28109 
27767 
27426_ 

27085 

30348 
.30376 
■  30403 
.30431 
.30459 

.30486 
.30514 
.30542 
.30570 
.30597_ 

.30625 
.30653 
.30680 
.30708 
. 30736 _ 

.30763 
.30791 
.30819 
.30846 
•30874 

30902 

95284 
.95275 
.95266 
.95257 
.95248 

.81860 
.81882 
.31914 
.81946 
.31978 

3 
3 
3 
3 
3 

13972 
13656 
13341 
13027 
12713 

20 

19 
18 
17 
16 

45 
46 
47 
48 
49 

95240 
.95231 
.95222 
.95218 

95204 

•32010 
.32042 
.32074 
.32106 
•32189 

.82171 
.82203 
•82285 
•32267 
32299 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

12400 
12087 
11775 
11464 
11153 

10842 
10532  . 
10228 
09914 
09606 

16 
14 
13 
12 
11 

f>0 

51 
52 
53 
54 

95195 
•95186 
•95177 
•95168 

95159 

10 

e 

8 
7 
6 

55 
56 
57 
58 
59 

.95150 
•95142 
•95138 
•95124 
.95115 

82881 
•82363 
•32396 
•32428 

32460 

•32492 

8 
8 
3 
3 
3 

09298 
08991 
08686 
08379 
08073 

0 
4 
8 
2 
1 

OIL 

29237 

■95630 

95106 

-8_ 

07T68 

-2 

t 

Cos. 

Sill. 

Cot. 

Tan.   1 

Cos. 

Sin. 

Cot. 

Tan. 

^r^ 

73* 


701 


ITt 


TABLE  IX.— NATURAL  SINES,  COSINES,  TANGENTS,  AND  COTANGENTSL 

18°  19° 


1 

Sin. 

Cos. 

'Ian. 

Cot. 

Sin. 

(\)S. 

Tan. 

Cot. 

t 

0 

.30902 

.95106 

■32492 

3  07768 

-32557 

■94552 

.34438 

2. 90421 

fW 

1 

.30929 

.95097 

.32524 

3  07464 

■32584 

■94542 

.34465 

2. 90147 

69 

2 

.30957 

.95088 

32556 

3. 07160 

■32612 

■94533 

.34498 

2.89878 

58 

3 

.30985 

.95079 

32588 

3. 06857 

■32639 

■  94528 

.34530 

2-89600 

57 

4 

.31012 
. 31040 

.95070 
.95061 

.32621_ 
.32653 

3.06554. 
3-06252 

■32667  ! 
■32694 

■94514 

.34563, 
.84596 

2. 89327 

56 

5 

■94504 

2. 89055 

55 

6 

.31068 

.95052 

.32685 

3. 05950 

■32722 

■94495 

.84628 

2.88788 

54 

7 

.31095 

.95043 

■32717 

3.05649 

.32749 

94485 

.34661 

2.88511 

68 

8 

.31123 

.95033 

■32749 

3  05349 

■32777 

.94476 

.84698 

2. 88240 

62 

9 

.31151 

.95024 

32782 

3  05049 

-32804 

.94466 

.84726 

2-87970 

61 

10 

31178 

.95015 

■32814 

3  04749 

■32832 

•  94457 

.34758 

2. 87700 

50 

11 

.31206 

.95006 

.32846 

3 ■ 04450 

.32U59 

•94447 

.84791 

2.87480 

49 

12 

31233 

.94997 

.32878 

8  04152 

■32887 

•94438 

84824 

2-87161 

48 

13 

31261 

.94988 

.32911 

3  03854 

■32914 

.94428 

-84856 

2-86892 

47 

14 

.31289 

.94979 

.32943 

3  03556 

.32942 

■94418 

.34889 

2-86624 

46 

15 

31316 

.94970 

.32975 

3  03260 

.32969 

.94409 

.34922 

2-86356 

45 

16 

.31344 

.94961 

.33007 

3 ■ 02963 

■32997 

.94399 

.34964 

2- 8^089 

44 

17 

31372 

.94952 

.33040 

3  02667 

.33024 

. 94390 

.34987 

285822 

43 

18 

.31399 

.94943 

.33072 

3. 023 72 

■330G1 

■94380 

.35020 

2  85555 

42 

19 

.31427 

.94933 

■33104 

3  02077 

■33079 

.94370 

.35052 

2  85289 

41 

20 

■31454 

.94924 

■33136 

301783 

■33106 

.94?81 

.35085 

2. 85023 

40 

21 

31482 

.94915 

■33169 

3  01489 

-33134 

■94351 

35118 

2. 84758 

89 

22 

.31510 

.94906 

.33201 

3. 01196 

■33161 

■94342 

.35150 

2-84494 

88 

23 

•31537 

.94897 

.33233 

3  00903 

■33189 

.94332 

•35183 

2-84229 

87 

24 

.31565 

.94888 

33266 

3  00611 

■33216 

.94322 

•35216 

2-83965 

86 

25 

31593 

.94878 

33298 

3  00319 

■33244 

.94818 

.35248 

2-83702 

35 

26 

.31820 

.94869 

33330 

3  00028 

33271 

.94303 

•35281 

2-83439 

84 

27 

.31648 

.94860 

33363 

2-99738 

■33298 

94293 

.85314 

2-83176 

38 

28 

.31675 

.91851 

•33395 

2. 99447 

■33326 

■94284 

.35346 

2-82914 

32 

29 

.31703 

.94842 
.94832 

■33427 
.33460 

2. 99158 

■33353 
■  333'8l' 

. 94274 
■  94264 

.35379 
•85412 

2-82653 
2-82391 

31 

30 

31730 

2.98868 

30 

31 

.31758 

.94823 

■33492 

2  98580 

■  33408 

94254 

.35445 

2-82130 

29 

32 

.31783 

.94814 

■33524 

2  98292 

■33436 

94246 

.85477 

2-81870 

28 

33 

.31813 

•94805 

■33557 

2  98004 

■33463 

■94236 

.36510 

2-81610 

27 

34 

.31841 
31868 

.94795 

33589 
33621 

297717 
2-97430 

-33400 
■33518 

■94225_ 
■94215 

.3554S_ 
•35576 

2.81350 

36 

35 

.94786 

2-81091 

25 

36 

31896 

.94777 

33654 

2-97144 

■33545 

■  94206 

.35608 

2-80838 

24 

37 

.31923 

94768 

.33636 

296858 

-33573 

■94196 

■35641 

2-80574 

83 

38 

.31951 

■94758 

■33718 

2. 96573 

-33600 

■94186 

•35674 

2- 80316 

22 

39 

31979 

94749 

■33751 

2. 96288 

-33627 

■94176 

•85707 

7 . 80059 

21 

40 

32006 

. 94740 

■33783 

2  96004 

-33655 

.94167 

■35740 

2-79602 

20 

41 

■32034 

94730 

■33816 

2-95721 

-33682 

.94157 

■85772 

2-79545 

19 

42 

.32061 

.94721 

33848 

2  95437 

-33710 

.94147 

■35805 

2.79289 

18 

43 

■32089 

.94712 

33881 

295155 

33737 

94137 

■35838 

2.79083 

17 

44 

■321i6_. 
■32144 

.94702 
.94693 

33913 
33945 

294872_ 
294591 

-33764 
.33792 

94127^ 
■94118 

35871 

2- 78778 

16 

45 

.35904 

2-78523 

15 

46 

■32171 

94684 

■33978 

2  94309 

33819 

■94108 

.35937 

2- 78269 

14 

47 

■32199 

94674 

■34010 

2.94028 

33846 

■94098 

•35969 

2. 78014 

IS 

48 

32227  : 

■94665 

■  34043 

2  93748 

33874 

■94088 

•  36002 

2. 77781 

12 

49 

32254 

94656 

34075 

_2^93468 

33901 

■94078 

•36035 

2. 77507 

11 

r>o 

■32282 

94646 

■34108 

293189 

33929 

■94068 

36068 

2-77254 

10 

51 

32309 

■94637 

34140 

2.92910 

-33956 

■94058 

36101 

2  77002 

9 

52 

32337 

■94627 

34173 

2-92632 

-33983 

■  94049 

•36134 

2-76750 

8 

53 

.32364 

■94618 

34205 

2  92354 

-34011 

■  94039 

-36167 

2-76498 

7 

54 

32392 

■94609 

34238 

_2^ 92076 

-34038 

94029 

-36199 

2- 76247 

6 

55 

32419 

■94599 

■34270 

291799 

-34065 

94019 

-36232 

2 •75996 

5 

56 

32447 

■94590 

34303 

2  91 523 

-34093 

■94009 

•36265 

2-75746 

4 

57 

32474  ' 

94580 

34-335 

291246 

-34120 

•93999 

•36298 

2-75496 

8 

58 

32502 

■94571 

34368 

2^90971 

34147 

•93989 

■36331 

2.75246 

2 

59 

32529 
32.')'J7 

945R1 
.94ri52  ' 
Sill.  I 

34400 
. 34433 

2-90696 
2. 90421 

■34175 
34202 

93979  1 
93969  > 

36364 
36397 

2  74997 

1 

(iO 

2  74748 

_JK 

/ 

1 

("ill. 

'1* 

I  :iii. 

c..<. 

Sin. 

C..1. 

Tan. 

9 

7V 


702 


•70' 


BLE  IX— HATUHAL  SINES,  COSINES,  TANGENTS.  AND  COTANGENia 


TABm  IX,— NATURAL  SINES.  COSINES,  TANaKNTS,Am>COTANQEina 


m'. 

(.;<,(. 

'hi... 

iST 

.07788 

32557 

saB 

i?L 

: 08654 

m 

.08252 

3389^ 

?17 

7K 

: 05348 

32777 

m_ 

.  .0504B_ 

_32J_01_ 

9U 

lie 

:o«5o 

32B5B 

S7B 

.04152 

S2B87 

311 

.08851 

»iS_ 

0355B 

SSBBB 

m 

:0Z9B3 

S2097 

Q40 

.02667 

S30Z4 

33051 

m. 

02077 

33079 

irsT 

201 

-0119 

33  " 

233 

33  BB 

Jfls" 

'  T0031~ 

33  iT 

tao 

33  71 

(95 

9B44 

33  2B 

!2Z_ 

.     9915 

33_53 

33  81 

LB2 

-9fl5B 

33  OB 

i21 

iB7 

2-9771_ 

334D0 

iai" 

154 

33573 

a:BB57 

33800 

'51 

2  BI12B 

33627 

2: 8572 

33682 

I4B 

2.9543 

33710 

181 

11?. 

145 

2.94591" 

33792^ 

178 

2:93748 

33B71 

L75_ 

_i^934BB.. 

33901. 

17S 

2:82633 

ii 

T, 

34011 

"a. 9  799 

340V5"" 

103 

2.9  523 

34093 

II 

2.9  246 

-  :  --J33 

2."B042r 

3426F 

„.    [    Sin 

-\  <-..t. 

7ABLB  IX— NATURAL  SINES.  COSINES,  TANGENTS,  AND 


CT  7i>l  ea" 


TABLE  (X— NATURAL  SINES,  COSINES.  TANGENTS.  AND  COTANQENXa 


. 

Sill. 

<;„s,    1   T.n. 

r„i. 

S  ]. 

(.'r,-. 

Tun. 

V.l. 

8008  B 

■6B438 

-5     29 

6573 

:  67813 

.5     54 

8B8B7 

-80185 

:8aHi9 

8559 

.57851 

-5     79 

85672 

.80305 

.66099 

.57BBO 

.6     04_ 

85687 

.60345, 

_8SB90 

.EO  28 

8530 

■57829 

8515 

.57968 

'.S     63 

6583 

:bOB24 

1: 66773 

5     78 

8551 

.8038* 

1.65888 

^60  01 

8488 

.6     03 

.B04DS 

1  e55M 

.60  27 

8471 

■.P°i^^. 

10 

8457 

72047' 

.61  53 

8S567" 

11 

.71932 

.51  78 

85551 

80533 

50302 

8427 

^5  201 

.51  03 

85638 

.80583 

13 

.S0327 

8413 

!  71 702 

1?_ 

6336 

_J1_5-B8_ 

isi  52 

-50S77 

.5  31B 

.51  77 

.50403 

8309 

.5  857 

-7  358 

.61   02 

85478                                  ! 

17 

BS54 

.5  388 

.7  244 

.5-  27 

85481                                  I 

IB 

85446                                  1 

ii_ 

50(78 

:S   474 

■7  015 

'.bl  77 

B5431 

i 

1 

.50503 

8310 

.5   513 

.70901 

.52003 

85416 

21 

b3»5 

.70787 

52  38 

85401                                  1 

85335  .                               1 

50578 

5  831 

! 70580 

85370                                  < 

JiOe03_. 

_e?^. 

6  870 _ 

^,70443. 

52  01_ 

_a5355__!                               ( 

as" 

8533S  .                               : 

:50S79 

8207 

■3   7B7 

: 70108 

52175 

85310                                  1 

88 

50704 

81HJ 

5   828 

.89982 

.52200 

85294                                  1 

S_ 

8_fl_879_ 

-^3225 

B5379 

52  50 

85384 

i 

50779 

8  18 

:'*3944 

;B9853 

.52  75 

I 

S3 

50804 

.5B9B3 

33 

85218 

i 

»■!._ 

:8fl3ia_ 

_52  49  . 

B52_03. 

1 

S5 

-B087h" 

8039 

.saioi" 

.89203 

sa 

85173 

1 

S7 

.52  23 

85157 

S8 

5921B 

^BBBBfl 

52  48 

sa_ 

-50971 

eo3n 

-6g2.'>R 

BB754 

52   73 

85113 

41 

52  23 

85006 

42 

-^1054 

E9B5 

-58378 

.B84L9 

-52  47 

610711 

E970 

.B8308 

SJ_58 

8S05t 

45" 

.88085 

."6r2r 

85035" 

5     54 

5928 

-59533 

-8797 

.8786 

43 

.6775 

52  98 

84989 

49. 

.59661 

_.!7M.. 

-52  20. 

84974 

W 

5  254 

59891 

. 53770 

84943 

32 

■5  304 

5338 

:  59770 

■87300 

.52794 

M02B 

G3 

6  J29 

3321 

.EB8J9 

67108 

54. 

-5  35t 

.538)9 

.87008 

. 53889 

"84883' 

5B 

■5:411; 

5V7V 

■86837 

84886 

B7 

.a]429 

J7S2 

.88757 

84851 

58 

69. 

i^L 

51501 

85717 

.80088" 

"la84L'8 

.63983,, 

J1|0S_ 

<-■"■-■ 

"TTTT 

^■an. 
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'ABLE  IX.— NATURAL  SINES,  COSINES,  TANGENTS,  AND  COTANGENTS. 


28° 

2fl 

* 

9 

Sin. 

Cos. 

Tan. 

Cot.   1 

Sin. 

Cos. 

Tan. 

Cot. 

1 

? 

2 
8 

•46947 
.46973 
•46999 
.47024 
.47050 

.88295 
.88281 
•88267 
•88254 
. 88240 

88226 

88213 

•88199 

•88185 

88172 

•88158 
.88144 
•88130 
•88117 
88103 

. 88089 
.88075 
.88062 
. 88048 
.88034 

53171 
. 53208 

53246 
.53283 
•  53320 

•53358 
.53395 
. 53432 
53470 
•53507 

""  ~~ 

88073 
87941 
87809 

. 87546_ 

.87415 
87283 
.87152 
.87021 
.86891 

.86760 
.86630 
.86499 
.86369 
.86239 

•  48481 
■48506 
•48532 
•48557 
•48583 

87462 
•87448 
•87434 

87420 
.87406 

.87391 
87377 

.87363 
87349 

.87335 

■55431 
. 55469 
•55507 
.55545 
■  55583* 

.55Q21 
.55659 
.55697 
•55736 
•55774 

1  80405 
1.80281 
1.80158 
1. 80034 
1.79911 

1  79788 
1  79665 
1.79542 
1.79419 
1.79296 

60 

59 
58 
67 
56 

S 
6 

7 
8 
9 

.47076 
.47101 
.47127 
.47153 
.47178 

•48608 
48634 

.48659 
48684 
48710 

55 
64 
68 
52 
51 

10 

LI 
12 
18 
14 

.47204 
.47229 
.47255 
.47281 
47306 

•  53545 
. 53582 
. 53620 
.53657 

•  53694 

•48735 
•48761 

48786 
.48811 

48837 

.48862 
.48888 
.48913 
.48938 
■48964 

.87321 
.87306 
.87292 
87278 
.87264 

•55812 
.55850 
■  55888 
■55926 
55964 

1.79174 
1  7905] 
1.78929 
1. 78807 
1. 78685 

50 

49 
48 
47 
46 

L5 
L6 
L7 
.8 

.47332 
47358 
•47383 
.47409 
.47434 

•53732 
.53769 
.53807 
. 53844 
.53882 

.86109 
.85979 
.85850 
•85720 
•85591 

.87250 
.87235 
•87221 
.87207 
.87193 

. 56003 
■  56041 
■56079 
.56117 
■56156 

1^ 78563 
1 • 78441 
1^ 78319 
1-78198 
1 • 78077 

45 
44 
43 
42 

SO 

11 
12 
3 
4 

•47460 
.47486 
.47511 
.47537 
47562 

. 88020 

88006 

87993 

.87979 

•87965 

. 53920 
.53957 
.53995 
. 54032 
.54070 

— 

•85462 
•85333 
•85204 
•85075 

•  84946 

.84818 

•  84689 
•84561 

•  84433 
•84305 

•84177 
•84049 
•83922 
•83794 
.83667 

48989 
■49014 
■49040 
■49065 
■49090 

•87178 
•87184 
•87150 
•87136 
•87121 

•56194 
•56232 
•56270 
■  56309 
■56347 

1- 77955 
1 ■ 77834 
1^ 77713 
1^ 77592 
1 ■ 77471 

1^77351 
1^ 77230 
1  77110 
1.76990 
!• 76869 

40 

39 
88 
87 
86 

5 
6 
7 
8 
9 

47588 
.47614 

47639 
•47665 
.47690 

.87951 
•87937 
•87923 
•87909 
87896 

.54107 

•  54145 
■  54183 
. 54220 
. 54258 

. 54296 

•  54333 
•54371 
. 54409 
. 54446 

.49116 
■49141 
■49166 
■49192 
49217 

■87107 
87093 
■87079 
■87064 
■87050 

■56385 

■  56424 

■  56462 
•56501 
■56539 

35 
84 
88 
82 
81 

to 

1 
2 
3 
4 

.47716 

47741 

.47767 

.47793 

47818 

.87882 
.87868 
.87854 
.87840 
•87826 

■49242 
■49268 
■49293 
.49318 
■49344 

.49369 
.49394 
■49419 
•49445 
■49470 

.87036 
.87021 
.87007 
.86993 
■86978 

■56577 
■56616 
•56654 
.56693 
■56731 

1.76749 
1^76629 
1^76510 
1 ■ 76890 
1 . 76271 

30 

29 
28 
27 
26 

5 
6 
7 
8 
9 

.47844 
•47869 
47895 
•47920 
.47946 

•87812 
•87798 
•87784 
•87770 
87756 

•  54484 
•54522 

•  54560 
•54597 
. 54635 

.83540 

■83413 

■83286 

83159 

83033 

■86964 
.86949 
.86935 
.86921 
.86906 

.56769 
.56808 
■56846 
■56885 
■  56923 

1.76151 
1.76032 
1.75913 
1. 75794 
1. 75675 

25 
24 
28 
22 

1 
2 
3 
4 

•47971 
•47997 
•48022 
•48048 
48073 

•87743 
•87729 
•87715 
•87701 
87687 

•87673 

•87659 

87645 

87631 

.87617 

87603 
•87589 
87575 
87561 
87546 

•87532 
87518 
•ft7504 
.87490 
•87476 

.87462 

•  54673 
54711 
. 54748 
. 54786 
. 54824 

-  - 

82906 
82780 
82654 
82528 
82402 

82276 
82150 
82025 
81899 
81774_ 

81649 
81524 
81399 
81274 
81150 

■49495 
■49521 
•49546 
•49571 
49596 

■49622 
■49647 
•49672 
.49697 
•49723 

•86892 
•86878 
•86863 
•86849 
. 86834 

.56962 
. 57000 
.57039 
.57078 
■57116 

^57155 
.57193 
.57?32 
.57271 
■  57309 

1.75556 
1  75437 
1.75319 
1 ■ 75200 
1 ■ 75082 

1^ 74964 
1 . 74846 
1 . 74728 
1 ■ 74610 
1^ 74492 

1.74375 
1..4257 
1.74140 
1.74022 
1.73905 

1.73788 
1.73671 
1.73555 
1.73438 
1.73321 

1 . 73205 

20 

19 
18 
17 
16 

6 
6 

:7 
:8 
c9 

•48099 
■48124 
•48150 
•48175 
48201 

48226 
•48252 

48277 
•48303 

48328 

.54862 
. 54900 

•  54938 
.54975 
.55013 

.55051 
.55089 
.55127 
•55165 

•  55203 

•86820 
•86805 
.86791 

•  86777 
•86762 

•  86748 
86733 

•83719 
■86704 
•86690 

16 
14 
IS 
12 
11 

»0 

•1 
i2 
»3 

4 

.49748 
.49773 
.49798 
•49824 
•49849 

•  57348 
.57386 
. 57425 
.57464 
■  57503 

10 

9 
8 
7 
6 

i5 
6 
7 
8 
9 

.48354 
•48379 
•48405 
•48430 
•48456 

. 48481'. 

55241 
. 55279 
•55317 
•55355 

55393 

~\. 

81025 
80901 
80777 
80653 
80529 

80405 

•49874 

49899 

•49924 

■49950 

49975 

■86375 
■86661 
■86646 
■86632 
86617 

im^  . 

Sin. 

■57541 
.57580 
.57619 
■57657 
■57696 

5 

4 
8 
2 

1 

UL 

55431 

•50000  . 

•  57735 

0 

/ 

Cos. 

Sin. 

Cot. 

Tan.   j  Co.s. 

Cot. 

l^an. 

"^ 

61' 


767 


60' 


i 

S0J77 

lUi  1 

58162 

■   1933 

.   1778 

2 

6427 

13201 

.   1817 

.    1803 

3 

8413 

58240 

.   1703 

.    1828 

.smJ 

*8J79_ 

-S0377" 

3384  1 

"  ~V73'" 

.  "mv" 

50403 

.   6369  ( 

58357 

-     358 

.   1902 

50423 

-   6354 

53388 

.   6340  1 

SB435 

.      129 

1962 

s_ 

SOI  78 

isii  ' 

58474 

.     015 

1977 

U503 

58613 

.      801 

21 

OS28 

.   b285  ■ 

58552 

.   0787 

■   2028  ; 

3281 

585S1 

.   0673 

.   2051 

'.   0578 

2078  ' 

24 

0603, 

^«25J 

5210L  1 

35 

.56fli3 

58709" 

'  .70332 

2126 

.    2151 

6U704 

.    DJ3J 

53828 

.3899^ 

:   3300 

»_ 

8m 

68865. 

„lB9B79_ 

^22S_ 

5077a 

■58944 

: 69653 

6  33 

68883 

.39541 

59022 

.69428 

:_3S4a.; 

35" 

:   6089   1 

59  Ol" 

.39203 

.   2374 

36 

.    8074    1 

59  40 

.88081 

.   3399 

.B8BTB 

.   3433  1 

.   3443  ' 

'■wi)7^,. 

6030 

■68754 

?473 

.68343 

2«r 

: 68419 

.  aM7  ; 

43 

S107B 

.   5870 

59  15 

.63303 

.  3572  ' 

1*. 

61104, 

._SJ5bJ 

S9  54_ 

_  mw 

■_2M?.; 

ts 

.  2821  : 

l\'.f^i 

S5^?? 
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Sin. 

Cos. 

Tan. 

Cot.  1 

Sin.    Ct)8.  1 

Tan. 

Cot. 

f 

o 

1 

2 
3 

4 

.61566 
■61589 
.61612 
.61635 
■61658 

. 78801 
.78783 
.78765 
. 78747 
. 78729 

•78129 
.78175 
.78222 
.78269 
■78316 

.78363 
. 78410 
. 78457 
.78504 
.78551 

_J-j 

27994 
27917 
27841 
27764 
27688.. 

27611 
27535 
27458 
27382 
27306 

27230 
27153 
27077 
27001 
26925 

•62932 
.62955 
.62977 

•  63000 
•63022 

•  63045 

•  63068 
63090 

.63113 
•63135 

•63158 
•63180 

•  63203 

•  63225 

•  63248 

.77716 
.77696 
.77678 
.77680 
.77641 

.77623 
.77606 
77586 
.77568 
. 77550 

.80978 
.81027 
.81075 
.81128 
.81171 

81230 

81268 

81316 

.813f:4 

■81418 

1.38490 
1.33416 
1.33348 
1.38370 
1.&8106 

111 

SI 
Si 

sv 

51 

5 
6 
7 
8 
9 

■61681 
.61704 
■61726 
■61749 
61772 

61795 
■61818 
■61841 
•61864 
■61887 

■61909 
■61932 
■61955 
61978 
•62001 

.78711 
. 78694 
.78876 
■78658 
■  78640 

.78622 
. 78604 
.78586 
.78568 
■78550 

1.33138 
1.33080 
1.33877 
1.32804 
1.33881 

9S 
M 
51 
51 

51 

10 

11 
12 
13 
14 

■78598 

■  78645 
.78692 
.78739 

■  78786 

■  78834 

■  78881 

■  78928 
. 78975 
.79022 

.77531 
.77513 
.77494 
.77476 
.77458 

.77439 
.77421 
.77402 
.77384 
.77366 

.81461 
.81510 
.81558 
■81606 
.81655 

1.33758 
1.33685 
1.33613 
1-33589 
1.33467 

41 
41 

47 
41 

15 
16 
17 
18 
19 

.78532 
.78514 
.78496 

■  78478 

■  78460 

26849 
26774 
26698 
26622 
26546 

•63271 
•63293 
63316 
•68338 
•  63361 

.81703 

.81762 

.81800 

81849 

81888 

1.33884 
1.33831 
1.32341 
1.33170 
1.33104 

49 
44 
tt 
41 

Jtt 

SO 

21 
22 
23 
24 

■62024 
■  62046 
•62069 
•62092 
62115 

■62138 
•62160 
•62183 
62206 
■62229 

•62251 
■62274 
.62297 
.62320 

•  62_342. 

•  62365 
•62388 
■62411 
■62433 
■62456 

. 78442 
. 78424 

■  78405 
■78387 
■78369 

. 78351 
.78333 
■78315 
.78297 

■  78279 

■78261 

■  78243 
■78225 

■  78206 
•78188 

•78170 
•78152 
■78134 
■78116 
•  78098 

. 79070 
•79117 
•79164 
•79212 
•79259 

•79306 
•  79354 
•79401 
.79449 
. 79496 

.79544 
.79591 
.79639 
.79686 
•79734 

.79781 
■79829 
.79877 
•79924 
•79972 

2 

1 
•1 

1 

*  * 

J. 

26471 
26395 
26319 
26244 
26169 

•  63383 
•63406 

•  68428 

•  63451 
63473 

.77347 
. 77329 
.77310 
.77292 
.77273__ 

.77256' 
.77288 
.77218 
.77199 
:  77181. 

.77162 
. 77144 
.77126 
.77107 
■77088 

.77070 
.77051 
.77033 
.77014 
■  76996 

81946 

81995 

■82044 

.82093 

.82141 

82190 

.82288 

82287 

82386 

.82386_ 

82484 
82483 
82531 
82680 
82629 

1.33081 
1.31069 
1.31888 
1-31814 
1.31743 

40 

SI 
91 
IT 
N 

26 
26 
27 
28 
29 

30 

31 
82 
33 
34 

■26093 
26018 
25943 
25867 
25792 

25717 
25642 
25567 
25482 
25417 

25343 
25268 
25193 
25118 
.25044 

•  63496 
•68518 

•  63540 

■  63563 
■63585_ 

. 63608 

■  63630 
. 63653 

■  63675 

■  63698_ 

63720 
■63742 
■63765 
•63787  ! 
■63810 

1.31670 
1-31698 
1-31036 
1-31454 
1.31383 

1.31810 
1.313S8 
1.31166 
1-31004 
1.31038 

1.30991 
1.30871 
1.30808 
1-30781 
1.30686 

SS 
M 
SI 
IS 
11 

30 
31 
« 

35 
36 
37 
38 
39 

82678 

82727 

82776 

■82825 

. 82874 

H 

a 

n 

40 

41 
42 
43 
44 

45 
46 
47 
48 
49 

-62479 
•62502 
-62524 
62547 
. 62570 

.625112 
-62615 
■  6'>838 

•  62660 

•  62683 _ 

62706  . 
•62728 
-62751 
-62774  ' 
•62796  ' 

•62819  1 
•62842  ' 
■628B4  . 
•62887  1 
-629(19  ' 

fi2«)32  ! 

■78079 
.78061 

■  78043 
■78025 
■78007 

■77988 
■77970 
.77952 
■77934 

•  77916.. 

^77997 

77879 

•77861 

•  77843 
•77824_ 

77806 
■77788 

77769 
■77751 

■  77733_ 

77715 

■80020 
■  80067 
■80115 
■80163 
■80211. 

•8025S 
• 8030e 
•80354 
■80402 
■80450 

•  80498 
■80546 
■80594 
■80642 
.  80690._ 

■80738 
■80786 
.80834 
■80882 
■80930 

■24969 
■24895 
.24820 
.24746 
■24672 

■24597 
■24523 
■24449 
■24375 
•24301 

•  24227 
■24153 
•24079 

•  24005 
.2393L 
■23858 
■23784 

23710 

23637 

■23563 

23490 

•  63832 
•63854 
•63877 
63899  , 
■63922  > 

•63944  , 
•63966  : 
63989  1 
■64011 

■  64033 

■  64056 
64078 
64100 

■64123 
64145 

64167  1 
■64190  ! 
64212  ' 
64234 
•64256 

■64279 

76977 

■  76959 
76940 

■  76921 

■  76903 

■  76884 
■76866 

■  76847 

■  76828 
■76810 

■76791 

■  76772 

■  76754 
.76735 

76717 

■76698 

■  76679 
76661 
76642 

■  76623 

■  76604 

82933 
■82973 
.83033 

83071 
.83120 

■83169 
■83318 

83368 
•83317 

83386 

1-80098 
1.30033 
1. 80491 
120871 
1.30808 

1. 80387 

1.20168 

1.30099 

1.30024 

1-1098L 

1.19883 

1.10811 

1.19740 

1.10660 

1.10500 

10 

11 

i! 

11 

19 

1! 

11 
11 

/>0 

51 
52 
53 
54 

■83415 
•83465 
83514 
•83564 
•83618 

83663'^ 
83713- 
83761 
■83811 
■83860_ 

■83910 

10 
1 

1 
T 
1 

55 
5fi 
57 
58 
59 

1.10938 
1.19497 
1.19887 
1.19818 
1. 10340 

9 

4 
1 
S 

1 

0(» 

80978   J 

1- 10178 

0 

# 

r'u*.      Sill. 

('ill.  1   'I'aii.   1 

('(w*.    Sin. 

Cut. 

Tan. 

"'' 

61' 


772 


50'' 


-HATOHAL  81NE8,  COSINES.  TA\QENTa,  AND  COTANGENTa 


ttin 

■/BMIL 
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J^aj»UB_ 

M1S5. 

79 

7Ba22 

.03156 

78SOi 

78648 

78683 

^270  1 

.6S20S 

.270  1 

-68235 

88  _ 

78550 
78533 

78786 
78834 

38l>  S 

83348 

.288  9 

.63371 

.217  4 

.83398 

es 

.«a31B 

97 

7B178 

78975 

Q0_ 

7B460 

7B022 

:2?5  6. 

■6838] 

.633BS 

01 

-63406 

78405 

:7fll84 

:363  9 

.68Ue 

.363  4 

-63451 

281  9 

88473 

783Si 

.  79306~ 

:260  3 

63408 

78  3  33 

1  360  8 

83618 

218 

! 79401 

-259  3 

220 

78297 

.78449 

.358  7 

.63563 

79498, 

-257  3_ 

a35e5_ 

S22S 

78243 

i 79591 

: 35643 

83830 

78225 

-355  7 

83368 

S2320 

83376 

823*2 

: 78188 

BSfl98_ 

:797ar 

"  "353  s" 

63720 

.253  8 

63743 

82^ll 

:   8118 

: 79924 

^351  8 

: 63737 

fi^«fl 

8098 

-ISfiZS. 

.638t0„ 

. 63833 

63  03 

:    8061 

^80067 

^2  895 

83854 

.   8043 

-80115 

-2  820 

83877 

B3  47 

<338S 

.  7S007_ 

.80211 

_.2  672 

.fl3«31 
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e 
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. 0/uoo 
.67107 

.74— 

.  a\jtv<9 

.90516 

A*  AV«f«tf 

1. 10478 

. 91 

72057 
.72987 

. DOOOO 

93742 

1 

10 

.67129 

. 74120 

■90569 

1.10414 

68412 

93797 

11 

.67151 

. 74100 

.90621 

1.10849 

68484 

.729ir 

.93852 

■  1 

12 

.67172 

.74080 

.90674 

1. 10285 

68465 

72807 

.98906 

13 

.67194 

.74061 

90727 

1. 10220 

.68476 

72877 

.93961 

14 

.87215 

. 74041 
.74022 

.90781 
.90834 

1.10156 

68407 

. 72857 

.94016 

15 

67237 

1.10091 

68516 

.72887 

.04071 

16 

.67258 

. 74002 

.90887 

1.10027 

.68589 

.72817. 

.94125 

17 

. 67280 

. 73988 

.90940 

1.09963 

68561 

.72707 

.94180 

18 

. 67301 

.73968 

.90993 

1.09899 

68682 

.72777 

.94285 

19 

.67a?3 

. 73944 

.91046 

1.09834 

.68603 

.72787 

94290 

20 

•  67344 

. 73924 

.91099 

1. 09770 

.68624 

72787 

.04345 

21 

.67366 

. 73904 

.91158 

1.09706 

.68645 

72717 

.94400 

22 

67387 

. 73885 

.91206 

1. 09642 

.68666 

72607 

.04455 

23 

.67409 

. 73865 

.91259 

1. 09578 

.68688 

. 72677 

.94510 

24 

. 67430 

.73846 
. 73826 

.91313 

1.09514 

. 68709 

.72657 

.04565 

25 

67452 

.91368 

1. 09450 

.68780 

.72687 

.04620 

26 

. 67478 

. 73806 

.91419 

1. 09386 

.68751 

•72617 

.94676 

27 

■  67495 

■73787 

.91473 

1.09322 

.68772 

.72507 

.94781 

28 

.67516 

. 73767 

.91526 

1. 09258 

. 68793 

.72577 

.94786 

29 

.67538 

■ 73747_ 
.73728 

.91580 

1. 09195 
1.09131 

. 68814 

.72657 

.04641 

30 

■67559 

■91633 

. 68835 

.72587 

04696 

31 

67580 

.  73*708 

.91687 

1. 09067 

. 68857 

.72517 

04962 

82 

■67602 

■73688 

.91740 

1 . 09003 

■  68878 

.72487 

05007 

S3 

67623 

■73869 

■91794 

1. 08940 

68890 

.72477 

■05063 

34 

. 87645 

. 7^949 

■91847 

1. 08876 

■  68920 

J2457 

■05118 

35 

■67666 

.73829 

■91901 

1^ 08813 

■  68941 

.72487 

05178 

2 

36 

67688 

.73610 

■91955 

1. 08749 

68963 

.72417 

•05330 

37 

67709 

■73590 

■92008 

1 . 08686 

68988 

.72307 

•05384 

38 

■67730 

73570 

92062 

1. 08622 

69004 

.72877 

•06840 

a^ 

67752 

•73551 

■92116 

1  08559 

■  69025 

.72357 

.05899 

40 

■67773 

■73531 

■92170 

1^ 08496 

. 69046 

.72887 

.06451 

^^ 

41 

■67795 

■73511 

92224 

1  08432 

. 69067 

.72817 

.95506 

42 

■67816 

.73491 

.92277 

1.08369 

■  69088 

.72207 

.05663 

43 

■67837 

.73472 

■92331 

1. 08306 

69109 

.72277 

.05616 

44 

■67859 

.73452 

■92385 

1 . 0fl24» 

.AQIAO 

. 799R7 

.0ftll7JI 
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TABLE   X.— NATLBAL   VEHSEO   SINES   AND   EXTERNAL   81 


-NATURAL    VERSED    SINES    AND    EXTERNAL    SECANT3. 


X— NATURAL   VERSED   SINES   AND    EXTEfeNAL   6ECAN1& 


TAULK    X.— NATi:ilAL    VKUSED    SINES    AND    EXTERNAL    SECANTS. 


BLE    X.— NATURAL    VEBSED    SINES    AND    EXTERNAL    SECANTS. 


TABLE    X.— NATURAL    VERSED    SINES    AND    EXTERNAL    SECANTS. 


32' 


33' 


34' 


35' 


f 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vera. 

Ex.  sec. 

Vers. 

Ex.  «5C. 

0 

0 

1 

2 
3 
4 

•15195 
.15211 
.15226 
.15241 
.15257 

.15272 
.15288 
.15303 
.15319 
.15334 

- 

17918 
17939 
17961 
17982 
•18004 

•  18025 

•  18047 
•18068 
•18090 
■18111 

•18133 
•18155 
•18176 
•18198 

•  18220 

.16133 
. 16149 
.16165 
16181 
.16196 

— 

.19236 
19259 
19281 

. 19304 
19327 

.17096 
17113 
17129 
17146 
17161 

.17178 
17194 
17210 
17227 

.17243 

17259 
17276 
17292 
17308 
17325 

17841 
17857 
17374 
17390 
.  17407 

.20622 
.20646 

20669 
.20693 

20717 

20740 
. 20764 
. 20788 
.20812 
. 20836 

20869 
20883 
.20907 
20931 
20956 

■  18086 
18101 
18118 
18136 

JL8152 

. 18168 
18186 
18202 
18218 

. 18236 

22077 
.22102 
.22127 
■22152 
■22177 

22202 

22227 

•22252 

■22277 

22302 

0 

1 
2 
8 

4 

5 
6 
7 
8 
9 

.16212 
. 16228 
.16244 
.16260 
.16276 

.19349 
.19372 

19394 
.19417 

194^0 

6 
6 
7 
8 
9 

10 

11 
12 
18 
14 

.15350 
.15365 
15381 
.15396 
.15412 

. 15427 

. 15443 

.15458 

15474 

15489 

.16292 
. 16308 

16324 
. 16340 

16355 

. 19463 
.19485 
.19508 
.19531 
.19554 

■18262 

■18269 

■18286 

18302 

18819 

18336 
. 18353 
. 18369 
. 18386 
. 18403 

22327 
22852 
22877 
.22402 
22428 

10 

11 
12 
13 
14 

16 
16 
17 
18 
19 

.18241 

.18263 

18285 

18307 

.18328 

.16371 
16387 
16403 
16419 

.16435 

.19576 

19599 

.19622 

. 19645 

19668 

20979 
.21003 
.21027 
.21051 

21076 

22453 
.22478 

22603 
■22528 
■22654 

15 
16 
17 
18 
19 

SO 

21 
22 
23 
24 

15505 
.15520 
■15536 
.15552 

15567 

■18350 
18372 
18394 

■18416 
18437 

■  18459 
18481 
. 18503 
•18525 
■18547 

■18569 
■18591 
■18613 
■18635 
18657 

■18679 
18701 
■18723 
■18745 
■18767 

•16451 
•16467 

•  16483 

•  16499 
16515 

-16'53i 

16547 

•16563 

•16579 

16595 

•i6611 
•16627 
•16644 
•16660 
•16676 

■16692 
■16708 
■16724 
•16740 
•16756 

— 

19691 
19713 
.19736 
19759 
19782 

19805 
19828 
19851 
19874 
19897 

■19920 
■  19944 

19967 
.  19990 

20013 

20036 
20059 
20083 
20106 
20129 

17428 
17439 
17466 
17472 
J  7489 

17506 
17522 
17638 
17554 
.17571_ 

.17587 

17604 

17620 

•17637 

•17653 

17670 

17686 

■17703 

•17719 

■17736 

21099 
21123 
21147 
21171 
•2119.5_ 

. 21220 
21244 
21268 
21292 
21316 

21341 

.21365 

21389 

21414 

•2143R 

. 18420 

18437 

18464 

. 18470 

. 18487 

. 186C4 
18521 
18538 
18555 

.18572 

. 18688 

.  18605 

18622 

18639 

. 18066 

18678 
18690 
18707 
. 18724 
18741 

■  22579 
■22604 
■22629 
■22655 
22680 

■22706 

■22781 

22766 

22782 

■22807 

22833 
■22858 
■22884 
•22908 

22935 

■22960 
•22986 
•23012 
•28087 
•23063 

90 

21 
22 
28 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

.15583 
15598 
•15614 
•15630 
.15645_ 

•  15661" 
15676 

■15692 
15708 
15723 

■  1 5739 
15755 
15770 

•15786 

■15818 
■15833 
■15849 
•15865 
.15880_ 

■15896 
15912 

•15928 
15943 
15959 

15975 
■15991 
■16006 
■16022 

18038 

16054 

16070 

■16085 

■16101 

-16117 

25 
26 
27 
28 
29 

30 
81 
33 
38 
84 

85 
36 
37 
38 
39 

■21462 
21487 
21611 
21536 

.21560 

85 
39 

37 
38 
89 

40 

41 
42 
43 
44 

18790 
18812 
■18834 
18856 
18878 

18901 
18923 
18945 
18967 
18990 

•16772 
•16788 
■  16805 
■16821 
.16837 

■16853 
16869 
16885 

. 16902 
16918 

•16934 
•16950 
•16966 
16983 
■16999 

17015 
17031 
■17047 
17064 
1 7080 

20152 
20176 
20199 
20222 
20246. 

20269 
20292 
20316 
20339 
203_6_3_ 

203'86~ 

20410 

20433 

20457 

20480 

20504 
20527 
20551 
20575 
20598 

•17762 
•17769 
•17786 
•17802 

•  17819_ 

•17835 

17852 

•17868 

•17886 

•  1790J2_  . 

.179f8 

17936 

17962 

17968 
■17986 

•  18001 
•18018 
•18035 
•18061 

18068 

21584 
21609 

■21633 
21658 

.21685i 

21707 
21731 
21756 
■21781 
21805 

.21830 
■21866 
■21879 
21904 
. 21929 

■  219~63 
■21978 

■  22003 
. 22028 
. 22063 

■18758 
18776 

. 18792 
18809 
18826 

•18848 
18860 
18877 
18894 

. 18928 

■  18945 
■18962 
■18979 

18996 

1601S 
. 19030 

■  19047 
19064 

■19081 

23089 
•23114 
•23140 
•23166 
•28192 

40 

41 
43 

a 

44 

46 
46 
47 
48 
49 

28217 

23248 

■23299 

•28295 

•28831 

45 
49 

47 

a 

ffO 

51 
52 
53 
54 

19012 
19034 
19057 
19079 
19102. 

19134 
19146 
19189 
19191 
19214 

.28347 
.28878 
.28899 
•28424 
.23460 

M 

51 
53 
58 
M 

55 
56 
57 
58 
59 

•23479 
•23903 
.38539 
•38B55 

28681 

H 
5i 
57 
58 
M 

((0 

■16133 

19236 

•17096 

20622 

18086 

. 22077 

19098 

■28607 

80 

SI 


X.— NATURAL    VERSED    SINES    AND    EXTERNAL    SECANTS. 


TABLE    X.— NATURAL    VERSED    SINES    AND    EXTERNAl,    SECANXaL 


40** 

41** 

42** 

43» 

/ 

Vers.   I 

\x.  Bee. 

Vers. 

Ex.  sec. 

Vera. 

Kx.  sec. 

Vers.   Ex.  sec. 

r 

0 

■23396 

.30541 

•24529 

.32501 

.25686 

.34563 

.26865 

.36733 

"o 

1 

•23414 

.30573 

•24548 

.32535 

.25705 

.84599 

.26884 

.86770 

1 

2 

•23433 

.30605 

•24567 

.32568 

.25724 

.34634 

.26904 

.86807 

2 

8 

•23452 

.30636 

•24586 

.32602 

.25744 

.84669 

.26924 

.86844 

8 

4 

23470 
•23489 

.30668_ 
.30700 

. 24605_ 
•'24625 

.32C36_ 
.82669" 

i25763_ 
.25783 

.34704 

.26944 

36881 

4 

5 

.84740 

.26964 

.86919 

5 

6 

•23508 

.30732 

•  24344 

.32703 

.25802 

.34775 

.26984 

.86966 

6 

7 

23527 

.30764 

•24663 

.32737 

.25822 

.84811 

■27004 

86993 

7 

8 

•23545 

.30796 

•24682 

.32770 

•25841 

.34846 

.27024   . 

87030 

8 

^  9 

.23564 
.23583 

.30829 
.30861 

.24701_ 
.24720 

_.  32804 
.32838 

•  25861.. 
.2'5880 

•34882 
.34917 

•27043 

.87068 
87106 

9 

10 

27063 

10 

11 

■23602 

.30893 

•  24739 

.32872 

■25900 

.34953 

27088 

87148 

11 

12 

.23620 

.30925 

•24759 

.32905 

.25920 

.84988 

•27108 

87180 

12 

13 

.23639 

30957 

•24778 

.32939 

.25939 

.35024 

■27123 

•37218 

13 

14 

i23858 
•23677 

30989 
31022 

•  24707., 
.24816 

.32973 
.33007 

•25959 
.25978 

.35060 

■27143 

87255 
87293 

14 

15 

.85095 

.27163 

15 

16 

.23696 

31054 

•24835 

.33041 

.25998 

.85131 

.27183 

87330 

16 

17 

•23714 

31086 

•24854 

.33075 

.26017 

.85167 

■27203 

87368 

17 

18 

•23733   . 

31119 

•24874 

.33109 

.26037 

.85203 

.27223 

87406 

18 

19 

.23752 

31151 

•24893 

•33143 

•26056 

.35238 

.27243 

87443 

10 

20 

23771   . 

31183 

•24912 

.33177 

.26076 

.35274 

•27263 

87481 

20 

21 

23790 

31216 

•24931 

.33211 

.26096 

.35310 

.27283 

87510 

21 

22 

23808 

31248 

.24950 

.33245 

.26115 

.35348 

■27303 

87556 

22 

23 

23827 

31281 

•  24970 

.33279 

.26135 

.35382 

■27823 

37504 

28 

_24 

•23846  _ 

31313 

. 2498?_ 

.33314 

i26154_ 

_^85418_ 

■27343 

37632 

24 

~25 

•23865 

31346 

•25008 

.33348 

.26174 

.35464 

■27363 

87670 

26 

26 

•23884   . 

31378 

•25027 

.33382 

.26194 

.35490 

■27383 

87708 

26 

27 

•23903   • 

31411 

•25047 

.33416 

.26213 

.85526 

■27403 

87746 

27 

28 

■23922   . 

31443 

.25066 

.33451 

.26233 

.35562 

■27423 

87784 

28 

^9 

•  23941.  . 
•23959 

3147.6. 
31509 

:_25085. 
725104 

. 33485_ 
.33519 

.2625.3_ 
.26272 

■35598. 
".'35634 

.27443 

87822 

29 

30 

.27463 

87860 

30 

81 

•23978 

31541 

•25124 

.33554 

.26292 

.35670 

■27483 

87898 

81 

32 

■23997 

31574 

•25143 

.33588 

•26312 

.35707 

■27603 

37936 

82 

33 

■24016 

31607 

•25162 

.33622 

•26331 

.35743 

.27523 

87974 

33 

34 

24035.  _. 
•  24054 

31640 
31672 

•25182 
•25201 

.33857 
.33691 

.26351_ 
•26371 

.35779 
.35815 

■27543 

88012 

JBi 

85 

.27563 

88051 

89 

86 

•24073 

31705 

25220 

.33726 

■26390 

.35852 

.27683 

88089 

86 

37 

•24092   . 

31738 

25240 

.33760 

.26410 

.35888 

■27603 

88127 

87 

38 

•24111 

31771 

•25259 

.33795 

•26430 

.35924 

•27623 

88165 

38 

39 

•24130 

31804 

•  25278 

.33830 

•26449 

.35901 

■27643 

88204 

•21 

40 

•24149 

31837 

•25297 

.33864 

.26469 

.35997 

■27663 

88242 

40 

41 

.24168 

31870 

.25317 

.83899 

•26489 

.36034 

•27683 

88280 

41 

4? 

.24187 

31903 

.25338 

■33934 

•26509 

.36070 

•27703 

88319 

42 

43 

.24206 

31936 

.25358 

.33968 

•26528 

.36107 

■27723 

88357 

43 

44 

.24225 
. 24244 

31969 
32002' 

.25375. 
•25394' 

•34003 
"•34038 

.26548 
•26568 

.36143 
.36180 

. 27743 

88306 

44 

45 

■  277"e4~  . 

88484 

48 

46 

.24262 

32035 

■25414 

.34073 

•26588 

.36217 

■27784   . 

38478 

46 

47 

.24281 

32068 

•25433 

.34108 

•26607 

.36253 

.27804   . 

88512 

47 

48 

.24300 

32101 

.25452 

•34142 

•26627 

.36290 

.27824   . 

88550 

M 

49 

24320 

32134 

.2.')472 

■34177 

.26647 

•36327_ 

•27844_  _. 

88599. 

49 

r>o 

•24339 

32168 

.25491 

-34212 

26667' 

".36363 

■27864 

88628 

fiO 

51 

•24358 

32201 

.25.'ill 

•34247 

•26686 

.36400 

■27884 

88666 

61 

52 

•24377 

32234 

■25530 

■34282 

.26708 

•36437 

■  ■37905 

88705 

52 

53 

•24398 

.32267 

■  25f:49 

■34317 

.26726 

.36474 

■  •^7925 

88744 

5S 

54 

■  21415 

32301 

■  2.';'".P9 

■34352 

■28746 

■36511 

■^7945 

88788 

64 

55 

.24-334 

.32334 

•25539 

■34337 

•26786 

.36548 

■2796B 

88822 

55 

E6 

.24-153 

.32nr8 

.25^08 

■34423 

.2fi'7S5 

■3P585 

■27085 

88860 

56 

57 

•24472 

•  a.^ir-i 

M.^p  iy 

.34453 

. 2G805 

.36622 

1*8005 

888M 

57 

58 

•24491 

.3;-ir?.i 

.}:^.rA7 

■31193 

•28825 

■366^0 

■  :f8026 

88088 

5S 

59 

24510 

3:?4r.8 

•  r'ifififi 

•34528 

.28845 

•38696 

28046   . 

88977 

-Si 

(»o 

■  24r)J!» 

.3jr)')i 

.2')r86 

•34583 

•26885 

.36733 

■98066 

80016 

60 

7> 

s{\ 

X.— NATURAL   VERSED   SINES   AND   EXTERNAL   SECANTS. 


VERSED   SINES   AND   EXTEHSAL   SECAUm 


TABLE   X.— NATURAL   VERSED   6INES   AMD   EXTERNA] 


ABLE    X.— NATURAL    VERSED    SINES    AND    EXTERNAL    SECANTa 


60° 

61° 

63" 

63° 

0 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

$ 

o 

. 50000 

L • 00000 

•51519 

1.06267 

. 53053 

1.13005 

. 54601 

1.20269 

0 

1 

.50025 

L. 00101 

■51544 

1. 06375 

. 53079 

1.13122 

.54627 

1.20395 

1 

2 

. 50050 

L. 00202 

•51570 

1 . 06483 

.53104 

1.13239 

. 54653 

1.20521 

2 

8 

.50076  . 

L. 00303 

•51595 

1.06592 

-53130 

1.13356 

. 54679 

1.20647 

8 

4 

.50101  . 

L . 00404 

•51621 

1.06701 
1.06809 

.53156 
.53181 

1 . 18473 

. 54705 

1. 20773 

4 

6 

.50126  : 

L- 00505 

•51646 

1 . 13590 

. 54731 

1.20900 

5 

6 

.50151  : 

I  • 00607 

•51672 

1. 06918 

.53207 

1.13707 

. 54757 

1.21026 

6 

7 

.50176  ; 

L.  00708 

.51697 

1.07027 

.53233 

1.13825 

. 54782 

1.21153 

7 

8 

.50202  : 

L. 00810 

.51723 

1.07137 

.53258 

1 . 13942 

. 54808 

1.21280 

8 

9 

.50227  ] 

L. 00912 

.51748 

1.07246 

. 53284 

1 . 14060 

. 54834 

1.214G7 

0 

lO 

.50252  ] 

[•01014 

.51774 

1.07356 

.53310 

1.14178 

. 54860 

1.21535 

10 

11 

.50277  ] 

L. 01116 

51799 

1.07465 

53336 

1.14296 

. 54886 

1.21662 

11 

12 

.50303  ] 

L01218 

.51825 

1.07575 

.53361 

1 . 14414 

.54912 

1.21780 

12 

18 

.50328  ] 

L.  01320 

.51850 

1.07685 

-53387 

1.14533 

. 54938 

1.21918 

18 

14 

.50353  ] 

L. 01422 

.51876 

1.07795 

•53413 

1.14651 

. 54964 

1.22046 

14 

15 

.50378  ] 

L. 01525 

.51901 

1.07905 

. 53439 

1 . 14770 

. 54990 

1-22174 

15 

16 

.50404  ] 

L. 01628 

■51927 

1.08015 

. 53464 

1 . 14889 

55016 

1.22S02 

16 

17 

.50429  ] 

L. 01730 

■51952 

1.08126 

. 53490 

1.15008 

. 55042 

1.22430 

17 

18 

.50454  ] 

L. 01833 

■51978 

1.08236 

.53516 

1.15127 

■  55068 

1.22559 

18 

12_ 

.50479  ] 

[•01936 

■  52003 

1^ 08347 

-  53542 

1.15246 

55094 

12Pf.88 

Jtl 

80 

.50505  ] 

[• 02039 

. 52029 

1.08458 

.53567 

1.15366 

55120 

1. 22817 

20 

21 

.50530  ] 

L. 02143 

.52054 

1. 08569 

.53593 

1.15485 

■55146 

1  ■22846 

21 

22 

.50555  ] 

[■02246 

■  52080 

1.08680 

.53619 

1.15605 

■55172 

1  25075 

22 

23 

.50581  ] 

[■ 02349 

■52105 

1.08791 

.53645 

1.15725 

55198 

1.23205 

28 

24 

• 50606_  ] 
.50631  i 

L- 02453 
L. 02557 

■52131 
■52156 

1. 08903 

.53670 

1.15845 

■  56224 

J ■28384 

24 

25 

1.09014 

53696 

1.15965 

55250 

1.23464 

25 

26 

•50656  ] 

L. 02661 

.52182 

1.09126 

-53722 

1.16085 

55276 

1. 23594 

26 

27 

.50682  ] 

[■02765 

.52207 

1.09238 

.53748 

1.16206 

55302 

1.23724 

27 

28 

.50707  ] 

[■02869 

.52233 

1.09350 

.53774 

1.16326 

■S5328 

1-23855 

28 

?8 

.50732  ] 

[■02973 

.52259 
. 52284 

1-09462 
1-09574 

53799 

1.16447 

■55854 

1-23985 

29 

lO 

.50758  ] 

[•03077 

.53825 

1.16568 

■55380 

1. 24116 

30 

Bl 

.50783  ] 

[03182 

.52310 

1.09686 

.53851 

1.16689 

.55406 

1-24247 

31 

12 

■50808  ] 

.■03286 

.52335 

1-09799 

•53877 

1.16810 

55432 

1. 24373 

82 

13 

50834  ] 

..03391 

■52361 

1-09911 

•53903 

1.16932 

.55458 

1.24509 

S8 

14 

■50859  ] 

■03496 

■52386 

1 . 10024 
1.10137 

■53928 

1.17053 

■55484 

1-24640 

34 

15 

.50884  ] 

.■03601 

■  52412 

•53954 

1.17175 

■55510 

1.24772 

35 

16 

•50910  ] 

.■03706 

■  52438 

1.10250 

.53980 

1.17297 

■55536 

1.24903 

36 

17 

•50935  ] 

..03811 

■ G2463 

1.10363 

. 54006 

1.17419 

■55563 

1.25035 

37 

18 

•50960  ] 

..03916 

■  52489 

1.10477 

. 54032 

1.17541 

55589 

1.25167 

38 

19 

•50986  ] 

. . 04022 

■52514 

1-10590 

■  54058 

] .17663 

■  f.56]5 

1 • ?f SCO 

-28 

rO 

•51011  1 

■04128 

52540 

1.10704 

•  54083 

1.17786 

■  55641 

1.25432 

40 

u 

•51036  1 

■04233 

•52566 

1.10817 

•54109 

1.17909 

■55667 

1-25565 

41 

12 

.51062  1 

■04339 

52591 

1.10931 

.54135 

1.18031 

■55693 

1.25697 

42 

LS 

.51087  1 

. . 04445 

52617 

1.11045 

.54161 

1.18154 

55719 

1.25830 

43 

L4 

■51113  1 

04551 
■04658 

. 52642 

1.11159 

.54187 

1. 3  8277 

.55745 

1.25963 

44 

Vb 

51138  1 

■52668 

1.11274 

.54213 

1.18401 

■55771 

1-26097 

45 

16 

.51163  1 

■04764 

52694 

1.11388 

. 54238 

1.18524 

■  55797 

1.28230 

46 

17 

.51189  1 

■04870 

■52719 

1.11503 

■  54264 

1.18648 

■55823 

1. 26364 

47 

VS 

.51214  1 

04977 

•52745 

1.11617 

. 54290 

1.18772 

. 55849 

1. 26498 

48 

19 

■51239  1 

05084 
■05191 

i_5^771_ 
. 52796 

1.11732 

■54316 

1.18895 

.55876 

1. 26632 

46 

»o 

■51265  1 

1.11847 

■  54342 

1.19019 

.55902 

1. 26766 

50 

Jl 

51290  1 

■05298 

52822 

1.11963 

•54368 

1.19144 

.55928 

1.26900 

51 

S2 

.51316  1 

■05405 

■52848 

1.12078 

-  54394 

1.19268 

.55964 

1.27085 

52 

S8 

51341  1 

■05512 

■52873 

1.12193 

. 54420 

1.19393 

55980 

1.27169 

53 

54  „ 

■51366  1 

■05619 

■52899 
■  52924 

11 2309 

54446 
54471 

1.19517 

56006 

1. 27304 
1.27439 

94 

S5 

.51392  1 

■05727 

1^ 12425 

1.19642  . 

56032 

55 

16 

51417  1 

■05835 

52950 

1^12540 

54497 

1. 19767  . 

56058 

1.27574 

56 

57 

.51443  1 

■05942 

■52976 

1- 12657 

54523 

1.19892  . 

56084 

1.27710 

67 

58 

.51468  1 

06050 

■53001 

1- 12773 

54549 

1. 20018  . 

56111  : 

L. 27845 

58 

IS- 

■51494  1 

■06158 

53027 

1.128«9 

54575 

1 ■ 20143  . 

56187  : 

[.27981 

Jt 

»o 

■51519  1 

06267 

.53053  11.13005  | 

54601 

1.20269  . 

56168  J 

L. 28117 

60 

791 
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TABLE    X.— NATURAL    VERSED    SINES    AND    EXTERNAL    SECANTS. 
76**  77*  78*  79* 


» 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

9 

o 

1 

2 
8 

4 

■75808 
75836 

■75864 
75892 

. 75921 

3 
3 
3 
3 
3 

3 

3 

3 

3 

3: 

3^ 

3 

3- 

3. 

3. 
3- 
3- 
3- 
3. 

13357 
13839 
14323 
14809 
JL5295 

15782 
16271 
16761 
17252 
17744 

18238 
18733 
19228 
19725 
20224 

20723 
21224 
21726 
22229 
22734 

■77505 
■77533 
■77562 
77590 
■77618 

3^44541 
3-45102 
3-45664 
3-46228 
3-46793 

3  47360 
3-47928 
3-48498 
3-49069 
3-49642 

3  50216 
3- 50791 
3-51368 
3. 51947 
3-52527 

3  53109 
3-53692 
3 . 54277 
3  -  54863 
3-55451 

-79209  3-80973 
-79237  3-81633 
-79266  3-82294 
-79294  '3-82956 
-79323  3-83621 

-80919 
-  80948 
-80978 
-81005 
•81033 

4-24084 
4-24870 
4-25658 
4-26448 
4  27241 

0 

1 

2 
8 

4 

5 
6 
7 
8 
9 

■  75949 
. 75977 

■  76005 
•  76034 
. 76062 

■  76090 
76118 
76147 

•76175 
. 76203 

•  77647 
77675 

. 77703 

77732 

. 77760 

77788 
■77817 

•  77845 
■  77874 
. 77902 

79351 

-  79380 

-  79408 

•  79437 

-  79465 

■  79493 

■  79522 

-  79550 

-  79579 
79607 

■  79636 

■  79664 

•  79693 
•79721 

•  79750 

3 • 84288 
3 • 84956 
3. 85627 
3-86299 
3-86973 

3  -  87649 
3 ■88327 
3- 89007 
3-89689 
3  90373 

•81062 
•81090 
•81119 
•81148 
J1176 

•81205 
•81233 
-81262 
-81290 
-81319 

81348 
-81376 
-81405 
•81433 
. 81462 

4. 28036 
4- 28833 
4-29634 
4-30436 
4  31241 

5 
6 
7 
8 
9 

lO 

11 
12 
18 
14 

4-82049 
4-32859 
4. 33671 
4. 34486 
4-35304 

10 

11 
12 
18 
14 

15 
16 
17 
18 

76281 
76260 
. 76288 
76316 
76344 

■77930 
■  77959 
■77987 
78015 
. 78044 

3-91058 
3-91746 
8  92436 
3-93128 
3-93821 

4-36124 
4-36947 
4-37772 
4-38600 
4-39430 

15 
16 
17 
18 

-12 

21 
22 
28 
24 

■76373 
■76401 
■  76429 
■76458 
•  76486 

3 
3 
3 
3 
3_ 

3 
S 
3 
3 
3 

3 
3 
3 
3 
3_ 

3 
3 
3 
3 
3 

23239 
23746 
24255 
24764 
25275 

•25787 
•  26300 
■26814 
■27330 
.  27847_ 

■  28366 
■28885 
■29406 

■  29929 
J0452 

.  30977 
31503 
32031 
32560 
33090 

■  78072 
•78101 
•78129 

78157 
78186 

•78214 

■  78242 
•78271 
. 78299 

•  78328 

■78356 

•  78384 
■78413 
. 78441 
. 78470 

■  78498 

■  78526 

■  78555 

■  78583 
■78612 

3 • 56041 
3 •56632 
3 ■ 57224 
3-57819 
3-58414 

79778 

•  79807 

•  79835 
•79864 
-79892 

3  94517 
3-95215 
8-95914 
8-96616 
3  97320 

•81491 
•81519 
■81548 
•81576 
•81605 

4-40263 
4-41099 
4. 41937 
4  42778 
4-43622 

SO 

2a 
2k. 
28 
24 

25 
26 
27 
28 
29 

■76514 
■76542 
76571 
•  76599 
■76627 

3-59012 
3-59611 
3-60211 
3-60813 
3^417  . 

3  -  62023 
3  -  62630 
3 • 63238 
3  -  63849 
3 ■ 64461 

3  -  65074 
3-65690 
3 •66307 
3-66925 
3-67545 

-  79921 

-  79949 

-  79978 
-80006 
^8P035_ 

-  80063 

■  80092 
■80120 

■  80149 
-80177 

•  80206 

•  80234 

•  80263 
•80291 

-  80320 

3  98025 
3  98733 
3-99443 
4-00155 
!4  C0869 

-81633 
•81662 
•81691 
-81719 
-81748 

•81776 
•81805 
•81834 
•81862 
81891 

4-44468 
4-45817 
4  46169 
4  47023 
4 •47881 

25 
26 
27 
28 
29 

80 
81 

82 
83 
84 

■76655 

■  76684 
76712 

•  76740 

•  76789 

■  76797 

■  76825 

■  76854 
. 76882 
•76910 

4-01585 
4-02303 
4-03024 
4-03746 
14-04471 

4  48740 
4.49603 
4.50468 
4^ 51337 
4  52208 

30 

81 
82 
83 
84 

85 
86 
87 
88 

'4-05197 
4-05926 
4-06657 
4.07390 
4.08125 

.81919 
.81948 
.81977 
.82005 
•82034 

4.53081 
4.53958 
4.54837 
4  55720 

4  5PP0? 

85 
86 
87 
88 

89 

40 

41 
42 
43 
44 

■76938 

■  76967 

•  76995 

•  77023 

■  77052 

3. 
3. 
3^ 
3. 

3. 

33622 
34154 
34689 
35224 
35761 

. 78640 
. 78669 
■78697 
■  78725 
•  78754 

•78782 
•78811 
•78839 
•78868 
■78896 

■78924 
■78953 
•78981 
•79010 
•79038 

•79067 
•79095 
•79123 
•79152 
•79180 

3-68167 
3-68791 
3-69417 
3 ■ 70044 
3-70673 

3-71303 
3 • 71935 
3.72569 
3 •73205 
3  -  73843 

-  80348 
-80377 

-  80405 

-  80434 
■  80462 

-80491 

-  80520 

-  80548 
-80577 
. 80605 

4-08863 
4-09602 
4-10344 
4-11088 
4-11835 

4-12583 
4-13334 
4-14087 
4-14842 
4-15599 

•82063 
•82091 
.82120 
.8214$ 
.82177 

.82206 
•82234 
•  82263 
-82292 
82320 

4  57493 
4 •58383 
4  59277 
4. 60174 
4-61073 

461976 
4-62881 
4-63790 
4-64701 
465616 

40 

41 
42 
43 
44 

45 
46 
47 
48 
49 

. 77080 

•  77108 

•  77137 
■77165 
■77193 

3^ 
3. 
3- 
3. 
3. 

3^ 
3. 
3^ 
3^ 
3- 

3^ 
3^ 
3^ 
3. 
3- 

36299 
36839 
37380 
37923 
38466 

39012 
39558 
40106 
40656 
41206 

41759 
42312 
42867 
43424 
43982 

45 
46 
47 
48 
49 

50 

51 
52 
53 
54 

•  77222 

•  77250 

•  77278 
•77307 

•  77335 

77363 
. 77392 
.77420 
. 77448 

•  77477 

3  -  74482 
3-75123 
3 •75766 
3 • 76411 
3-77057 

3  -  77705 
3 -78355 
3-79007 
3.79661 
3-80316 

-80634 
-80662 
•80691 
•80719 
-  80748 

•80776 
■80805 
80833 
■80862 
■  80891 

4-16359 
4-17121 
4-17886 
4-18652 
4-19421 

4-20193 
4-20966 
4.21742 
4.22521 
4-23301 

-  82349 
-82377 

-  82406 
.82435 

-  82463 

. 82492 
.82521 

-  82549 
. 82578 

-  82607 

4 •66533 
4  67454 
4^  68377 
4-69304 
4-70234 

50 

51 
52 
58 
54 

55 
56 
57 
58 

ML 

4.71166 
4.72102 
4. 73041 
4. 73988 
4 •74929 

55 

56 
57 
58 

-52 

60 

•77505 

3. 

44541 

. 79209 

3.80973 

80919 

4-24084 

.826Sr 

4.76877 

00 

795 


TABLE    X.— NATURAL    VET^ST.:^    SINES    AND    EXTERNAL    SECANTS. 


80° 


81* 


83' 


83' 


/ 

Vers. 

Kx.  sec. 

Vers. 

.84357 
.84385 
. 84414 
.  <54443 
. 84471 

. 84500 
•84529 
•84558 
■84506 
.84615 

.84644 
•84673 
•84701 
.84730 
. 84759_ 

'84788 
84816 

•  84845 

•  84874 

•  84903 

I"]x.  fiCC, 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

0 

0 

1 

2 
3 
4 

•82635 
•82664 
•82692 
•82721 
•82750 

82778 

82807 

•82836 

•82864 

82893 

4.75877 
4.76829 
4.77784 
4.78742 
4.79703 

4^ 80667 
4^81635 
4^82606 
483581 
4; 84558 . 

4. 85539 
4.86524 
4-87511 
4-88502 
4^ 89497 

4^90495 
4-91496 
4.92501 
4.93509 
4-94521 

5 
5 
5 
5 
5. 

5 
5 
5 
5 
5 

5. 
5- 
5- 
5 

I 

5. 
5. 
5. 
5 

•39245 
.40422 
•41602 
42787 
l43_977. 

45171 
46369 
47572 
48779 
.49991_ 

51208 
52429 
53655 
54886 
5612L 

57361 
58606 
59855 
61110 
62369 

•86083 
•86112 
.86140 
.86169 
86198. 

^86227 
.86256 
•86284 
•86313 
:.8.63_4_2_ 

•86371 

.86400 

86428 

86457 

.86488_ 

■86515 

•86544 

•88573 

86601 

86630 

6.18530 
8.20020 
6.21517 
6.23019 
6  24529 

.87813 

. 87842 

87871 

•  87900 

•  87929 

.87957 

87986 

.88015 

. 88044 

•  88P73_ 

•88102 
•88131 
•88160 
•88188 
•88217 

•  88246 
•88275 

•  88304 
•88333 

88362 

7 

7. 

7 

7 

7 

7 
7 
7 
7 
7 

7 
7 
7 
7 
7 

7 
7 
7 
7 
I 

20551 
22500 
24457 
26425 
28402 

.  30388 
32384 

■34390 
36405 
38431 

40466 

42511 

44566 

■46632 

■48707 

0 

1 
2 
3 
4 

5 
8 
7 
8 
9 

8 • 26044 
6^27563 
6 •29095 
6 •30630 
6^32171 

633719 
6  35274 
6  36835 
6-38403 
6  3997.8_ 

6  -  41560 
6-43148 
6 • 44743 
6  46346 
6. 47955 

5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

■82922 
•82950 
•82979 

•  83008 
•83036 

•83065 

•  83094 
•83122 
•83151 
.83180 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

■50793 

■  52889 

■  54996 
.57113 

59241 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

•83208 
•83237 
•83266 
•83294 
.83323_ 

•83352 

•  83380 
•83409 

•  83438 
83467 

4.95536 
4.96555 
4.97577 
4.98603 
4.99633. 

5  00666 
5.01703 
5.02743 
5.03787 
5 ■04834 

•84931 
•84960 
•84989 
•85018 
• 85046_ 

.85075 
.85104 
.85133 
■85162 
, 8519p_ 

.85219 
.85248 
•85277 
•85305 
.85334_ 

■85363 
•85392 
.85420 
.85449 
.85478 

5. 
5^ 
5. 
5. 
5 

5. 

I 

5- 
5 

5. 

5 

5 

5. 
6 

5 

i 

63633 
64902 
66176 
67454 
68738. 

70027 
71321 
72620 
73924 
75233_ 

76547 
77868 
79191 
80521 
81856 

83196 
84542 
85893 
87250 
88612 

86659 
■86688 
•86717 
•86746 

86774 

•86803 
.80832 
.86861 
•86890 
.  8691_9_ 

•86947 

•86976 

•87005 

87034 

•  8 7063 _ 

•  87092 
•87120 
•87149 
.87178 
•87207 

6  49571 
6-51194 
6:52825 
6-54462 
6-56107 

•88391 
•88420 
•88448 

•  88477 

•  88506 

•  88535 
88564 

•88593 
. 88622 
•886.51_ 

•88680 

•  88709 

•  88737 
88766 

•88795 

•88824 
88853 

.88882 
88911 

•88940 

7 
7 
7 
7 
7_ 

7 
7 
7 
7 
7 

7 
7 
7 
7 
7 

■61379 
63528 
65688 
67859 
70041 

•-80 

21 
22 
23 
24 

25 
26 
27 
28 
29 

6  57759 
6  59418 
6.61085 
6. 62759 
6 • 64441_ 

6  66130 
6.67826 
6.69530 
6.71242 
6.72962. 

6.74689 
6  76424 
6-78167 
6-79918 
681677 

72234 
74438 
76653 
78880 
81118 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

•83495  i5^ 05886 
■83524  506041 

83553  5. 08000 
•83581  i5^ 09062 

83610  '5^10129 

83367 
85628 
87901 
90186 
92482 

:io 

31 
32 
83 
34 

35 
36 
37 
38 
39 

83639  •■ 

83667 

•83696 

•83725 

83754 

5.11199 
5.12273 
5.13350 
5.14432 
5  15517 

7 
7 
7 
8 
8, 

94791 
97111 
99444 
01788 
04146 

35 
36 
37 
S8 

_29 

40 

41 
42 
43 
44 

45 
46 
47 
48 

49_ 

51 

52 

53 

J4 

55 
56 
57 
58 
59 

■83782  ;5. 16507 
■83811  5. 17700 
•83840  5 •18797 
•83868  5.19R9R 
.83897  5  •21004. 

•83926  '5.22113 
•83954  5 •23326 

•  83983  5  •243-43 
•84013  5.2D484 
.84p41_  5.2r.ri90 

•84069  5.27710 
84098  5.L'8t53 
•84127  '5.29991 
.84155  5.31133 
.841«4_  ri..'^:L'79 

.84213~  5..'i34J0 

•  84242  ')^3;fi84 

•  84270  n  3'i7.13 

•  84299  .'i  ?f;«)OH 
84328  ."i^Rn',:^ 

•85507 
•85536 
•85564 
-85593 
.85622_ 

85651 
■85680 

85708 
.S')7S7 
.85760. 

.85795 
.858 J3 
.858'52 
•  8 -3381 

•  e-jQio. 

.8.'J939 
.{J  "1007 
.8r)')')R 

■  hRM',4 

5 
5 
5 
5 
5 

5 
5 
5 

6 
6 
6 
6 
fi 

1^ 

16 

!f. 

89979 
91352 
92731 
94115 
fj5505_ 

969U0 
98301 
9'j708 
OIU'O 
025^8 

•03062 
.05:j92 

•  0R8L>8 
•08269 
•09717 

.11171 

•  1 J630 
.14n9fi 

•  1 5568 
r/nir. 

•87236 
■87285 

•  87294 
•87322 
■87351_ 

•87380 

87409 

■87438 

■87467 

R7496_ 

•87524 

•  87r..53 
•87582 
■  87(111 

8  7040 

.87669 

•  8/h98 

•  H77.;6 
•87755 
■87784 

6.83443 
685218 
6  87001 
6 •88792 
6 • 90592 

6^92400 
6^94216 
6.96040 
6.97873 
6. 90714 

7.01565 
7.03423 
7.05291 
7.07167 
7-09052 

7.10948 
7.12849 
7.14760 
7. 16681 

7^18612 

-88969 
-  88998 

•  89027 
-89055 
•89084. 

-89113 
-89142 
.89x71 
. 89200 
..  89229_ 

.89258 

•  89287 
89316 

.89345 
.89374. 

•  89403 
.89431 

•  89460 
.89489 
•89518 

8. 
8. 
8- 
8. 
8. 

8 

8. 

8. 

8. 

8 

8- 
8. 
8. 
8. 
8- 

8. 
8. 
8. 
8. 
8 

06515 
08897 
11292 
13699 
16120 

18553 
20999 
23459 
25931 
28417 

30917 
33430 
35957 
38497 
41052 

43620 
46203 
48800 
51411 
54037 

40 
41 
42 
43 
AA 

45 

46 
47 
48 
49 

.50 
51 
52 
53 
54 

5S 
56 

57 
58 

00 

.84357  5.3n:-iri 

1 

.Mhdrt.i 

I  n.  18 '■.30  1 

.87813 

7.20551 

.89547 

8. 

56677 

00 

T'.H) 


?ABLE    X.— NATURAL    VERSED    SINES    AND    EXTERNAL    aECANTK 


TABLE    XL— NATURAL    VERSED    S1NE3    AND    SXTERTXAl,    S 


TABLE  XI.— REDUCTION  OF  BAROMETER  READING  TO  82'  F. 


• 

[nchcs. 

J^Pemp. 

O 

260 

26-5 

27.0 

27.5 

28.0 

28.5 

29.0 

29.5 

300 

30.5 

810 

%     45 

-.039 

-039 

-.040 

-•041 

-.042 

-  .042 

-.043 

-.044 

-.045 

-045 

-.046 

a  46 

.041 

.042 

.043 

■043 

■044 

-045 

•046 

046 

.047 

048 

.049 

■  47 

.043 

•044 

.045 

.046 

■047 

.048 

.048 

.049 

.050 

.051 

.052 

i  48 

046 

047 

•047 

.048 

■049 

.050 

■051 

.052 

053 

.053 

.054 

048 

.049 

.050 

.051 

■052 

.052 

■054 

.054 

.055 

.056 

.057 

>   50 

050 

051 

•052 

.053 

■054 

.055 

■056 

057 

058 

.059 

■060 

2  51 
i   52 

.053 

054 

.055 

.056 

■057 

.058 

■059 

.060 

•061 

■062 

•063 

055 

056 

•057 

.058 

■059 

■060 

■061 

■062 

.064 

.065 

.066 

;    58 

.057 

•058 

•060 

•061 

■062 

063 

■064 

■065 

■066 

■067 

.068 

3   54 

060 

•061 

062 

■063 

■064 

■065 

.067 

.068 

■069 

■070 

.071 

5   65 

062 

.063 

•064 

065 

•068 

■068 

■069 

.070 

■071 

■073 

.074 

^     56 

■064 

•065 

•087 

■068 

069 

•070 

■072 

.073 

•074 

■075 

077 

li   67 

.067 

068 

069 

•070 

072 

■073 

•075 

076 

.077 

■078 

.080 

-:   58 

069 

.070 

•071 

•073 

•074 

■076 

•077 

■078 

■080 

■081 

082 

i      59 

072 

.073 

.074 

•075 

077 

.078 

.080 

.081 

.083 

.084 

085 

i   60 
3   61 

.074 

•076 

•077 

■078 

•079 

.081 

•082 

084 

.085 

■086 

088 

076 

.077 

•079 

■080 

■082 

.083 

•085 

.086 

■088 

■089 

.091 

^   62 

079 

.080 

•082 

■083 

■085 

■086 

.088 

•089 

■091 

■092 

.094 

i       63 

081 

.082 

•084 

■085 

■087 

■088 

■090 

091 

■093 

•095 

.096 

-?   64 

083 

.085 

•086 

088 

•090 

■091 

■093 

.094 

■096 

.097 

.099 

i       65 

•086 

•087 

•089 

•090 

092 

■093 

■095 

•097 

■099 

100 

.102 

:i   66 

088 

.089 

•091 

■093 

•095 

■096 

■098 

•099 

■  101 

•  103 

.105 

:   67 

•090 

•092 

•094 

•095 

•097 

.099 

■  101 

•102 

•  104 

•  106 

.108 

68 

•093 

094 

.096 

■098 

■100 

■101 

■103 

.105 

.107 

.108 

.110 

i      69 

095 

.097 

•099 

.100 

■102 

.104 

■106 

.107 

•  110 

.111 

.113 

i       70 

.097 

.099 

.101 

.103 

■105 

.106 

.109 

•110 

•  112 

■114 

.116 

i   71 

.100 

.101 

.103 

■  105 

■107 

.109 

•111 

.113 

■  1]5 

.117 

.119 

72 

.102 

.104 

•106 

■  108 

■110 

.112 

■  114 

■116 

.118 

■  120 

.122 

73 

104 

.106 

.108 

■110 

■112 

■114 

■116 

■118 

.120 

.122 

.124 

74 

.107 

.109 

.111 

.113 

■115 

.117 

■  119 

■  121 

.123 

.125 

.127 

75 

.109 

•111 

.113 

.115 

■117 

.119 

■122 

■124 

.126 

.128 

.ISO 

76 

•  111 

.113 

.116 

.118 

■120 

.122 

■124 

■126 

.128 

.130 

.133 

77 

.114 

.116 

•118 

■120 

■  122 

■124 

■127 

.129 

.131 

.133 

136 

78 

•116 

.118 

•  120 

■122 

■  125 

■  127 

■  129 

.131 

■  134 

.136 

.138 

79 

.118 

.120 

.123 

■  125 

•  127 

.129 

.132 

.134 

.137 

.139 

.:i4i 

80 

.121 

.123 

•  125 

■  127 

.130 

.132 

.135 

■  137 

.139 

.141 

.144 

81 

.123 

.125 

.128 

130 

■  132 

■  134 

.137 

■139 

•  142 

■  144 

.147 

82 

•  125 

•  128 

.130 

.132 

■135 

■  137 

■140 

142 

.145 

■  147 

.149 

83 

.128 

130 

.133 

■  135 

■  138 

■140 

■  142 

.145 

■  147 

■  149 

.153 

84 

.130 

.132 

•  135 

■138 

■140 

.142 

■  145 

.147 

■  150 

.152 

155 

85 

.132 

.134 

.137 

■140 

■  143 

.145 

■148 

.150 

.153 

155 

•158 

86 

.135 

•  137 

.140 

■  142 

.145 

•  148 

•  150 

.153 

.155 

.158 

.161 

87 

.137 

.139 

•  142 

■  144 

■  148 

.150 

■  153 

.155 

.158 

.161 

.163 

88 

.139 

.142 

•  145 

.147 

.150 

•  152 

.155 

.158 

.161 

.163 

.166 

89 

.142 

.144 

•  147 

•  150 

•  153 

.155 

.158 

•  161 

.164 

.166 

.169 

90 

.144 

.147 

.150 

.153 

.155 

•158 

•161 

.164 

.166 

.169 

.172 

91 

-.146 

-.149 

-.152 

-.155 

-.158 

-.160 

-.163 

-.166 

-.169 

-.172 

-.175 
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TABLE  Xtl.—BAIIOMETRIC  BLBVATIONS.* 


n  Itoiwrt  iif  U.  8.  C.  &  G   Survsy  for  IfiSl.  App.  10  Tl 


<+<' 

c 

Diff.tor 

/+<■ 

C 

Diff^lor 

l+C 

C        1 

60" 

-  .0380 

!»• 

+  03*3 

\ll 

]o  e 

0-T 

10. e 

0380 

+  .oin| 

•  Cnmpileil  from  llepnrt 


'  IJ.  a.  0.  &  Q.  Survey  for  ISSl,  App.  10.  lUUa 


Bin  a 


1       _       tan  a        __      /l  —cos  2a 


coseco     Vl  +  tan^  a      Y  ^  y/i+cot^a 

==  cos  a  tan  a  =  v^l  —  cos^  a  =  2  sin  ^a  cos  ia 
1  4- cos  a  2  tan  ^a 


cos  a       = 


cot  ia  1  +  tan^  io 

1  cot  a 


=  vers  a  cot  ^o. 


tana      = 


eeco      Vi  +  cot^  a     Vr+tan2  a 
=  1  — ver8a=sina  cot  a  =  Vl— 8in2a  =  2  cob^^o— I 

=sm  a  cot  ia  —  1  =  cos^  ^a  — sin^  ^a  =  1  —  2  sin*  ^ 
1  sin  a         sec  a  1 


cot  o       = 


cot  a       cos  a       cosec  a      v^cosec^  a—1 
=  vers  2a  cosec  2a  =  cot  o  —  2  cot  2o =sin  a  sec  a 

sin  2a  ,  ,  o        *  « 

= —-  =  exscc  a  cot  *a  =  sxsec  2a  cot  2a. 

1  +  cos  2a 

1  cos  a  sin  2a  1  +  cos  2a 


tan  a       sin  a       1  —  cos  2«        sin  2a 

=  v  cosec^  a  —  1  =  cot  ^a  —  cosec  o. 
vers  o     =  1  —  cos  o =sin  a  tan  ^a  =»  2  sin*  ^  =  cos  a  exaec  a. 
exsec  a    =sec  a  —  1  =  tan  a  tan  ^a  =  vers  a  sec  o. 

sin  a         vers  a  cos  ^a 


sm 


cos 


,  /vers  a 


2  cos  ia  sin  a 


,  /l+cosa  sin  a        sin  a  sin  i^a 

ia     =i/ =7r~ — T"  = ^' 

^22  sm  i-a  vers  a 


J.       1  tan  d 

tan  ^a     =  vers  a  cosec  o  =  cosec  a  —  cot  o  = 


l+sec  a 


««f  j^           ^+  cos  a  tan  a  1 

cot  ia     = ; =  cosec  a  +  cot  a  = 


sm  a  exsec  a      coseca— eottt 

vers  ia  =  1  -  Vi(l  +  cosa). 

exsec  ^= —  1. 

Vi(l+cosa) 
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TABLE  XIV. — USEFUL  TRIGONOMETRICAL   FORKULJ 


•    «  n   •  2  tan  a 

Bin  2a       ■-2  Bin  a  cob  a  >- 


l  +  tan*a' 

coe2a    —  ooB2a-Bm2a-l-2ain3a*2oQe^a— 1 

Ij-  taii2  a 
"i  +  tan^a' 

tan2a    -   ^  tan  a 


l-tan!«a' 

cut2tt     -icota-^tano-^^^'^"^-^"^'**. 

2  cot  a         2  tan  a 

vers 2a  -=2Hin3a— 1  — coB2a  — 2  8maoo6a tana. 

o,«ec2a^iiiii^»-AL*'L»'« 28in«a_ 

cottt        1  — tan=^a      1  —  2  sin*  a 

Bin  (a  ±  &)  ^sin  a  cub  b  ±  cob  a  Bin  &. 

C()B  (a  ±  6)  =  COB  a  cob  b  T  sin  a  Bin  6. 

Hill  a+sin  b  ^2  am  i(a  +  6)  cob  i(a— 6). 

bin  a— Bin  &  —2  sin  ^(a  — &)  oob  i(a+&). 

c<iH  tt  +  co8  6  — 2  coBi(a  +  &)  coBi(a— 6). 

COB  a  — COB  6^  —  2BuiKo+fc)sini(o— 6). 


Ciill  the  HulcH  of  any  triangle  A,B,C,  and  the  opporiie 
onil  c.     Cull  a  -  K-1  +  ^  +  C). 

tan  hUi-h)  -j^-^tan  i(a  +  t)=-j^cot  Jc 


Bin  ill     i/  -^ . 


ci«i 


2(a-/?Va-n 
vers  II- ^^^, . 

Area  -N  ti>---lX»-i^K«-C)--<l« -IJ— 7-— -w 
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TABLE  XV.— USEFUL  FORMULiB  AND  CONSTANTS. 


Logarithm. 

srence  of  a  circle  (radius  =  r)  =«  2xr. 

I  circle  =  xr2. 

lector  (length  of  arc  =  0           =  \lr. 

(angle  of  arc  =a°)         '°^^'"^- 

egment  (chord  =c,  mid.  ord.  s=m)  =  |cm  (approx.). 

)f  a  cone  or  pyramid               =area  of  base  X  i  height. 

I  circle  to  radius  1 

jrence  of  a  circle  to  diameter  1 

=  T  = 

3.1415927 

0.497  1499 

»f  a  sphere  to  diameter  1 

>f  a  sphere  to  radius  1  =  4t  -J-  3     «» 

4.1887902 

0.622  0886 

degrees  =■ 

67.2957795 

1.768  1226 

1  to  radius  expressed  in     minutes  =» 

3437.7467708 

3.536  2739 

seconds  =» 

206264.8062471 

5.314  4251 

f  arc  of  1°,  radius  unity 

0.0174.'>.'?29 

8.241  8774 

ne  second  —  0 .  0000048481 

•  1 

4 .  685  5749 

Df  one  cubic  foot  of  water  at  maximum  density   (therm. 
^.,  barom.  30") 62 .  379 

1.7950384 

1 

•f  one  cubic  foot  of  water  at  ordinary  temperature  (therm. 
1 62 .  321 

1 .  794  6349 

;ion  due  to  gravity  at   latitude  of  New  York  in  feet  per 
second 32   l.'i94.'i 

1 .  507  3086 

U.  S.  standard)  =^-5-0-4  meter  =• 

0.914402  m. 

9.961  1371 

- 

0.304801  m. 

9.484  0158 

- 

0.025400  m. 

8.404  8346 

= 

3.28083  feet 

0.515  9842 

= 

39 . 3700      inches 

1 .  595  1664 

(avoirdupois)                                   «= 

0.453592  kilogr. 

9.656  6669 

m                                                     = 

2 .  20462    pounds 

1.343  3341 

(U.  S.  standard)                            « 

2150.420        cu. in. 

- 

1.244        ou,  ft. 

(U.  S.  standard)                              « 

231.               cu.  in. 

- 

0.1337      cu.  ft. 
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CVIty.    ROOTS,    AND    RRClrROCALS. 


TABLE   KVI. — SQUARES,    CUBES,    BQIIARK   BOOTS, 


UUHili    KUUTb,    AJND    KiiClFKUCAJLS. 


Squares. 

Cubes. 

Square  Roots. 

Cube  Hoots. 

Reciprocals. 

32761 
33124 
33489 
33856 

84225 

5929741 
6028568 
6128487 
6229504 
6331625 

6434856 
6539203 
6644672 
6751269 
6859000 

6967871 
7077888 
7189057 
7301384 
7414875 

13. 

13- 

13. 

13 

13 

4536240 
4907376 
5277498 
5646600 
6014705 

5 
5 
6 
5 
5 

6566528 
6670511 
6774114 
6877340 
6980192 

005524862 
005494505 
•005464481 
005434783 
005405405 

» 

84596 
84969 
35344 
35721 
36100 

13. 
13. 
18. 
13. 
13- 

6381817 
6747943 
7113092 
7477271 
7840488 

5 
5 
5 
6 
5 

7082675 

7184791 

■  7286543 

•7387936 

7488971 

005376344 
•005347594 
005319149  . 
005291005 
005263158 

86481 
36864 
37249 
37636 
38025 

13. 

13 

13 

13. 
13. 

8202750 
8564065 
8924440 
9283883 
9642400 

5 
5 
5 
5 
5 

7589652 
•7689982 
•7789966 
•7889604 

7988900 

005235602 
■006208333 
005181347 
005154639 
005128205 

1 

38416 
38809 
39204 
39601 
40000 

7529536 
7645373 
7762392 
7880599 
8000000 

14 
14 
14 
14 
14 

0000000 
0356688 
0712473 
1067360 
1421356 

5 
5 
5 
5 
5 

8087857 
8186479 
8284767 
8382725 
8480355 

005102041 
005076142 
005050505 
005025126 
005000000 

40401 
40804 
41209 
41616 
42025 

8120601 
8242408 
8365427 
8489664 
8615125 

14 
14 
14 
14 
14 

1774469 
2126704 
2478068 
2828569 
3178211 

5 
5 
5 
5 
5 

•8577660 

•  8674643 

•8771307 

8867653 

8963685 

004975124 
004950495 
■004926108 
004901961 
004878049 

► 

42436 
42849 
43264 
43681 
44100 

8741816 
8869743 
8998912 
9129329 
9261000 

14 
14 
14 
14 
14 

■3527001 
■3874946 
■4222051 
•4568323 
■4913767 

5 
5 
5 
5 
5 

•9059406 
•9154817 
•9249921 
•9344721 
•9439220 

004854369 
004830918 
004807692 
004784689 
004761905 

44521 
44944 
45369 
45796 
46225 

9393931 
9528128 
9663597 
9800344 
9938375 

10077696 
10218313 
10360232 
10503459 
10648000 

14 
14 
14 
14 
14 

14 
14 
14 
14 
14 

•5258390 
■5602198 
■5945195 
•6287388 
•6628783 

•6969385 
■7309199 
■  7648231 
■7986486 
.8323970 

5 
5 
5 
5 
5 

■9533418 
•9627320 
•9720926 
•9814240 
9907264 

004739336 
■004716981 
■004694836 

004672897 
■004651168 

1 

46656 
47089 
47524 
47961 
48400 

6 
6 
6 
6 
p 

•  0000000 
•0092450 
•0184617 
•0276502 
0368107 

004629630 
004608295 
004587156 
■004566210 
004545455 

48841 
49284 
49729 
50176 
50625 

10793861 
10941048 
11089567 
11239424 
11390625 

11543176 
11697083 
11852352 
12008989 
12167000 

14 
14 
14 
14 
15 

■8660687 
■8996644 
■9331845 
■9666295 
■  0000000 

6 
6 
6 
6 
6 

•0459435 
0550489 
0641270 
0731779 
0822020 

004524887 
004504505 
004484305 
■004464286 
004444444 

1 

51076 
51529 
51984 
52441 
52900 

15 
15 
15 
15 
15 

•0332964 
•0665192 
.0€96689 
■1327460 
1657509 

6 
6 
6 
6 
6 

•0911994 
•1001702 
•1091147 
1180332 
•1269257 

004424779 
004405286 
004885965 
004366812 
004347826 

53361 
53824 
54289 
54756 
55225 

12326391 
12487168 
12649337 
12812904 
12977875 

15 
15 
15 
15 
15 

15" 

15 

15 

15 

15 

1986842 
2315462 
2643375 
2970585 
3297097_ 

3622915 
3948043 
4272486 
4596248 
4919334 

6 
6 
6 
6 
6 

6 

6 

6. 

6. 

6 

•1357924 
1446337 
1534495 
1622401 
1710058 

1797466 
1884628 
1971544 
2058218 
2144650 

004329004 
004310346 
004291845 
004273504 
004255319 

55696 
56169 
56644 
57121 
57600 

13144256 
13312053 
13481272 
13651919 
13824000 

004237288 
004219409 
004201681 
004184100 
004166667 

I 
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CUBE    HOOTS,    AND    RECIPROCALS. 


es. 

Cubes. 

Square  Roots. 

Cube  Roots.   I 

leciprocals. 

11 

27270901 

17.3493516 

6. 7017593 

003822259 

14 

27543608 

17 

3781472 

6 

7091729 

■003311258 

19 

27818127 

17 

4068952 

6 

7165700 

•003300380 

.6 

28094464 

17. 

4355958 

6 

7239508 

003289474 

!5 

28372825 

17 

4642492 

6- 

7313155 

■003278689 

!6 

28652616 

17. 

4928557 

6 

7386641 

■003267974 

J 

28934443 

17. 

5214155 

6 

7459967 

003257329 

14 

29218112 

17 

5499288 

6 

7533134 

003246753 

11 

29503629 

17. 

5783958 

6 

7606143 

003236246 

10 

29791000 

17. 

6068169 

6 

7678995 

003225806 

11 

30080231 

17. 

6351921 

6 

7751690 

003215434 

L4 

30371328 

17. 

6635217 

6 

7824229 

003205128 

(9 

30664297 

17. 

6918060 

6 

7896613 

003194888 

16 

30959144 

17. 

7200451 

6 

7968844 

003184713 

!5 

31255875 

17. 

7482393 

6 

8040921 

003174603 

16 

31554496 

17. 

7763888 

6 

8112847 

003164557 

19 

31855013 

17. 

8044938 

6 

8184620 

003154574 

!4 

32157432 

17. 

8325545 

6 

8256242 

003144654 

11 

32461759 

17. 

8605711 

6 

8327714 

003134798 

)0 

32768000 

17 

8885438 

6 

8399037 

003125000  _ 

LI 

33076161 

17 

9164729 

6- 

8470213 

003115265 

14 

33386248 

17 

9443584 

6 

8541240 

003105590 

19 

33698267 

17 

■9722008 

6 

8612120 

003095975 

'6 

34012224 

18 

0000000 

6 

8682855 

003086420 

}5 

34328125 

18 

0277564 

6 

8753443 

003076923 

^6 

34645976 

18 

.0554701 

6 

8823888 

003067485 

29 

34965783 

18 

■0831413 

6 

8894188 

003058104 

)4 

35287552 

18 

■1107703 

6 

8964345 

003048780 

H 

35611289 

18 

■1383571 

6 

9034359 

003039514 

)0 

35937000 

18 

■1659021 

8 

9104232 

003030303 

Jl 

36264691 

18 

■  1934054 

6 

9173964 

003021148 

24 

36594368 

18 

.2208672 

6 

9243556 

003012048 

)9 

36926037 

18 

■2482876 

6 

9313008 

003003003 

)6 

37259704 

18 

■2756669 

6 

9382321 

002994012 

25 

37595375 

18 
18 

■3030052 

6 

9451496 

002985075 

)6 

37933056 

■3303028 

6 

9520533 

002976190 

39 

38272753 

18 

■3575598 

6 

9589434 

002967359 

14 

38614472 

18 

•3847763 

6 

9658198 

002958580 

21 

38958219 

18 

■4119526 

6 

9726826 

002949853 

30 

39304000 

18 

■4390889 

6 

9795321 

002941176 

31 

39651821 

18 

■4661853 

6 

9863681 

002932551 

54 

40001688 

18 

•4932420 

6 

9931906 

002923977 

19 

40353607 

18 

•5202592 

7 

0000000 

002915453 

36 

40707534 

18 

•5472370 

7 

0067962 

002906977 

25 

41063625 
41421736 

18 

■5741756 

7 

0135791 

002898551 

L6 

18 

■6010752 

7 

■0203490 

002890178 

39 

41781923 

18 

■6279360 

7 

0271058 

002881844 

34 

42144192 

18 

■6547581 

7 

■0338497 

002873568 

31 

42508549 

18 

■6815417 

7 

■0405806 

002865380 

30 

42875000 
43243551 

18 

■  7082869 

7 

0472987 

002857143 

31 

18 

■  7349940 

7 

■0540041 

002849008 

34 

43614208 

18 

■7616630 

7 

■0606967 

002840909 

39 

43986977 

18 

■7882942 

7 

0673767 

002832861 

16 

44361864 

18 

■8148877 

7 

0740440 

002824859 

25 

44738875 

18 

■8414437 

7 

0806988 

•002816901 

36 

45118016 

18 

•8679623 

7 

0873411 

002808989 

49 

45499293 

18 

•8944436 

7 

0939709 

002801120 

64 

45882712 

18 

■9208879 

7 

1005885 

002793296 

81 

46268279 

18 

•9472953 

7 

10719P7 

002785518 

00 

46656000 

18 

•9736660 

7 

1137:u6 

002777778 
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TAMLE   XVr. — SQUARES,    CUBKS,    SQUARIC    ROOTS 


CUBE   ROOTS,   AND   RECIPROCALS. 


Cubes. 

Square  Roots. 

Cube  Roots. 

Reciprocals. 

74618461 
75151448 
75686967 
76225024 
76765625 

20. 
20- 
20. 
20- 
20- 

5182845 
5426386 
5669638 
5912603 
6155281 

7.4948113 
7.5007406 
7.5066607 
7.5125715 
7. 5184730 

.002375297 
.002369668 
.C02S64066 
.002358491 
-  002852941 

77308776 
77854483 
78402752 
78953589 
79507000 

20- 
20. 
20. 
20. 
20. 

6397674 
6639783 
6881609 
7123152 
7364414 

7. 5243652 
7. 5302482 
7-5361221 
•  7.5419867 
7. 5478423 

.002847418 
.002841920 
.002836449 
.002881002 
.002825681 

80062991 
80621568 
81182737 
81746504 
82312875 

20. 
20. 
20. 
20. 
20. 

7605395 
7846097 
8086520 
8326667 
8566536 

7. 5536888 
7. 5595263 
7. 5653548 
7. 5711743 
7-5769849 

.002820186 
.002814815 
.002809469 
.002304147 
.002298851  . 

82881856 
83453453 
84027672 
84604519 
85184000 

20. 
20. 
20. 
20. 
20. 

8806130 
9045450 
9284495 
9523268 
9761770 

7. 5827865 
7. 5885793 
7. 5943633 
7-6001385 
7  6059049 

.002293678 
.002288880 
.002283105 
.002277904 
-002272727^ 

85766121 
86350888 
86938307 
87528384 
88121125 

21. 
21. 
21. 
21. 
21. 

0000000 
0237960 
0475652 
0713075 
0950231 

7. 6116626 
7.6174116 
7-6231519 
7-6288837 
7. 6346067 

.C02267674 
.002262448 
.002257886 
.002252252 
.002247191 

88716536 
89314623 
89915392 
90518849 
91125C00 

21 

21. 

21 

21. 

21 

1187121 
1423745 
1660105 
1896201 
2132034 

7. 6403213 
7-6460272 
7-6517247 
7-6574188 
7 ■ 6680943 

.002242152 
.002237186 
.002282148 
.002227171 
-002222222 

91733851 
92345408 
92959677 
93576664 
94196375 

21 
21 
21 
21 
21 

2367606 
2602916 
2837967 
3072758 
3307290 

7-6687665 
7  -  6744303 
7.6800857 
7-6857328 
7. 6913717 

.002217296 
.002212889 
.002207606 
.002202648 
-002197802 

94818816 
95443093 
96071912 
96702579 
97336000 

21 
21 
21 
21 
21 

3541565 

3775583 

.4009346 

■4242853 

.4476106 

7-6970023 
7-7026246 
7-7082388 
7- 7138448 
7.7194426 

.002192982 
■002188184 
.002183406 
.002178649 
.002173918 

97972181 
98611128 
99252847 
99897344 
100544625 

101194696 
101847563 
102503232 
103161709 
103823000 

104487111 
105154048 
105823817 
106496424 
107171875 

107850176 
108531333 
109215352 
109902239 
110592000 

21 
21 
21 
21 
21 

.4709106 
.4941853 
.5174348 
.5406592 
5638587 

7-7250325 
7. 7306141 
7.7361877 
7- 7417532 
7. 7473109 

.002169197 
.002164502 
.002159827 
.002155172 
.002150588 

21 
21 
21 
21 
21 

.5870331 
.6101828 
.6333077 
. 6564078 
.6704834 

7-7528606 
7- 7584023 
7. 7639361 
7. 7694620 
7. 7749801 

.002145928 
.002141828 
.002186752 
.002132196 
.002127660 

21 
21 
21 
21 
21 

.7025344 
.7255610 
.7435632 
.7715411 
7944947 

7.7804904 
7.7859928 
7.7914875 
7.7969745 
7. 8024538 

.002128142 
.C02118644 
.002114165 
.002109706 
.002105268 

21 
21 
21 
21 
21 

.8174242 
.8403297 
.8632111 
.8860686 
.9089023 

7.8079254 
7. 8183892 
7.8188456 
7.8242942 
7.8297353 

.002100840 
.002096486 
.002092050 
.002087688 
.002088888 
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TAHLE    X^I.       SyUAREH,    CUBBB,    8QUAIt&    HOI 


CUBE  ROOTS,  AND  RECIPROCALS* 


Squares. 

Cubes. 

Square  Roots. 

Cube  Roots. 

Rec'procals. 

292681 

158340421 

23.2594067 

8.1482765 

.001848429 

293764 

159220088 

23. 

2808935 

8.1532939 

.001845018 

294849 

160103007 

23. 

3023604 

8.1583051 

.001841621 

295936 

160989184 

23. 

3238076 

8.1633102 

.001838285 

297025 

161878625 

23 

3452351 

8. 1683092 

.001834862 

298116 

162771336 

23 

3666429 

8.1733020 

.001831602 

299209 

163667323 

23. 

3880311 

8.1782888 

.001828154 

800304 

164566592 

23. 

4093998 

8.1832695 

.001824818 

301401 

165469149 

23. 

4807490 

8.1882441 

.001821494 

302500 

166375000 
167284151 

23. 

4520788 

8.1982127 

.001818182 

303601 

23. 

4733892 

8.1981753 

.001814882 

304704 

168196608 

23 

4946802 

8.2031319 

.001811594 

305809 

169112377 

23 

5159520 

8.2080825 

.001808318 

306916 

170031464 

23 

5372046 

8.2130271 

.001805054 

308025 

170953875 

23 

5584880 

8.2179657 

001801802 

309136 

171879616 

23 

5796522 

8  2228985 

.001798561 

310249 

172808693 

23 

6008474 

3.2278254 

.001795332 

311364 

173741112 

23 

.6220236 

8.2327463 

.001792115 

312481 

174676879 

23 

6431808 

8.2376614 

.001788909 

313600 

175616000 

23 

6643191 

8. 2425706 

.001785714 

314721 

176558481 

23 

6854386 

8.2474740 

.001782531 

315844 

177504328 

23 

■  7065392 

8-2523715 

.001779369 

816969 

178453547 

23 

.7276210 

8.2572633 

.001776199 

318096 

179406144 

23 

. 7486842 

8. 2621492 

.001773050 

319225 

180362125 

23 

7697286 

8-2670294 

.001769912 

320356 

181321496 

23 

.7907545 

8  2719039 

.00176«784 

821489 

182284263 

23 

.8117618 

8.2767726 

.001763668 

322624 

183250432 

23 

.8327506 

82816355 

.001760668 

823761 

184220009 

23 

8537209 

8  2864928 

-001757469 

324900 

185193000 

23 

8746728 

ft. 2913444 

.001754886 

826041 

186169411 

23 

8956063 

8-2061903 

.001751313 

327184 

187149248 

23 

.9165215 

8.3010304 

.001748252 

328329 

188132517 

23 

9374184 

8.3058651 

.001749201 

829476 

189119224 

23 

.9582971 

8.3106941 

-001742160 

330625 

190109375 

23 

9791576 

8  3155175 

-001739130 

331776 

191102976 

24 

.0000000 

8.3203353 

.001736111 

332929 

192100033 

24 

.0208243 

8-3251475 

.001733102 

334084 

193100552 

24 

.0416306 

8-3299542 

.001730104 

335241 

194104539 

24 

■0624188 

8-3347553 

•001727116 

88MO0 

lORHPOOO 

9A 

P83J891 

«  3395(09 

.001724U8 

337561 

196122941 

24 

.1039416 

8-3443410 

.001721170 

838724 

197137368 

24 

.1246762 

8. 3491256 

.001718218 

339889 

198155287 

24 

.1453929 

8-3539047 

.001719266 

341056 

199176704 

24 

1660919 

8-8586784 

.001712329 

342225 

200201625 

24 

1867732 

P. 3634466 

-001709402 

843396 

201230058r 

24 

2074369 

8-3682095 

.001706485 

844569 

202262003 

24 

2280829 

8-3729668 

.001703978 

845744 

203297472 

24 

2487113 

8-8777188 

.001700680 

846921 

204336469 

24 

2693222 

8-8824653 

.001697793 

848100 

205379000 

24 

2899156 

8-3872065 

.001694915 

849281 

206425071 

24 

3104916 

8- 3919423 

.001692047 

850464 

207474688 

24 

3310501 

8-3966729 

.001689189 

851649 

208527857 

24 

3515913 

8-4013981 

.001686841 

852836 

209584584 

24 

3721152 

8-4061180 

001688502 
.001680672 

354025 

J?l  0644875 

24 

3926218 

8  4108326 

855216 

211708736 

24. 

4131112 

8-4155419 

-001677892 

856409 

212776173 

24 

4335834 

8-4202460 

.001675042 

857604 

213847192 

24- 

4540385 

8-4249448 

.001672241 

858801 

214921799 

24. 

4744765 

8.4296883 

.001669449 

860000 

216000000 

1 

24.4948974 

8.4843267 

.001666667 
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TABLE   XVI  CUBES,   SQUARE   SC 


HD     CmiRfl,    SQTTAItE   ROOT 


CUBE   ROOTK,    AXD   RECIPROCALS. 


Squares.      CuIk;?*. 

- 

Square  \i<H)in. 

Cul>e  Hoots. 

Heciproc&lji. 

609961 
611524 
613089 
614656 
616225 

617796 
619369 
620944 
622521 
624100 

476379541 
478211768 
480048687 
481890304 
483736625 

485587656 
487443403 
489303872 
491169069 
_  493039000 _ 

494913671 
496793088 
498677257 
500566184 
502459875 

279463772 
27- 9642629 
27-9821372 
28  0000000 
_28^0178515 

28  0356915 
28- 0535203 
280713377 
28-0891438 
28  1069386 

9-2090962 
9-2130250 
9.2169505 
9-2208726 
9-2247914 

9- 2287068 
9-2326189 
9-2365277 
9  -  2404333 
0-2443355 

001280410 
001278772 
001277139 
001275510 
001278885 

001272365 
001270848 
001289036 
001287427 
001265828 

625681 
627264 
628849 
630436 
632025 

28-1247222 
28-1424946 
28- 1602557 
28-1780056 
28- 1957444 

9-2482344 
9-2521300 
9-2560224 
9-2599114 
9  2637973 

9-2676798 
9-2715592 
9-2754352 
9-2793081 
9-2681777 

001284223 
001282826 
001281034 
001259446 
001257862 

633616 
635209 
636804 
63B401 
640000 

504358336 
506261573 
508169592 
510082399 
512000000 

28-2134720 
28-2311884 
28-2488988 
28-2665881 
28-2842712 

001256281 
001254705 
001268133 
001251564 
001250000 

641601 
648204 
644809 
646416 
648025 

518922401 
515849608 
517781627 
519718464 
521660125 

523606616 
525557943 
527514112 
529475129 
531441000 

28-3019434 
28-3196045 
28-8372546 
28-3548938 
28-8725219 

28-3901391 
28-4077454 
28-4253408 
28-4429253 
28  4604989 

9-2870440 
9-2909072 
8-2947671 
9-2986239 
9  8024775 

9-3068278 
9-3101750 
9-8140190 
8-8178599 
9  3216975 

001248439 
001246883 
001245830 
001243781 
001242236 

649636 
651249 
652864 
654481 
666100 

001240895 
001289157 
001287824 
001236094 
001234568 

657721 
659344 
660969 
662596 
664225 

538411731 
535387328 
537367797 
539353144 
541343375 

"543338496 
545338513 
547343432 
549353259 
551368000 

28-4780617 
28-4956137 
285131549 
28-5306852 
28  -  5482048 

28-5657137 
28-5832119 
28-6006993 
28-6181760 
•>«  6356421 

9-8255320 
9-8298634 
98331916 
9-8370167 
9-3408386 

001288046 
001281527 
001280012 
001228501 
001226994 

665858 
667489 
669124 
670761 
672400 

9  8446575 
9  8484731 
9  8522857 
9  8560952 
9  8599016 

001225490 
001223890 
001222494 
001221001 
001219512 

674041 
675684 
677329 
678976 
680625 

553387661 
555412248 
557441767 
659476224 
561515625 

28-6530976 
28  -  6705424 
28-6879766 
?8- 7054002 
28  7228132_ 

9-3637040 
9-3675051 
9-3718022 
9-3750963 
9  3788873 

001218027 
001216545 
001215067 
001213592 
001212121 

682276 
688929 
685584 
687241 
688900 

663559976 
565609283 
66766S552 
569722789 
571787000 

28-7402157 
28  7576077 
28  7749891 
28-7923601 
28- 809 7206 

28-8270706 
28-8444102 
,  28-8617394 
28-8790582 
28-8963666 

28  9136646 
28-9309523 
28-9482297 
28-9654967 
28-9827535 

9-3826752 
6-3864600 
9-3902419 
9  3940206 
9  3977964 

001210654 
001209190 
001207729 
001206273 
001204819 

690561 
692224 
698889 
695556 
697225 

573856191 
675930368 
678009537 
680093704 
582182875 

9-4015691  i 
9-4053387  ! 
9-4091054  1 
9-4128690  j 
9-4166297  " 

001303369 
001201923 
COl 200480 
COl 199041 
001197605 

698898 
700568 
708244 
708921 
708800 

584277056 
686376253 
688480472 
S9058I719 
592704000 

9-4203873 
9-4241420 
9-4278936 
9-4316428 
9-4353880 

001196172 
001194743 
001183317 

081191895 
081190476 
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TABLE   XVI.^SQCAHBS,    CUB«B,    BQtTABB   BOO 


CUBE    ROOTS,    AND    RECIPROCALS. 


TAULK   X^'I. — KtlVARSS,    CUBES,   BQOABE    BOOTS,  BH 


TABLE   XVII. — CUBIC   YARDS   PER   100   FESST    OT   liBVXL 


.E  XVII.—CUBIC  YARDS  PER  100  FEET  OF  LEVEL  SECTIONS. 
CORRECTIVE  PERCENTAGE  FACTORS. 

To  be  applied  when  crossHsections  are  not  level.     See  §  06% 
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Numbers  refer  to  sections  except  where  specifically  marked  pages  (p.)« 

Abandonment  of  existing  track • 634,  e 

Abutments  for  trestles 176 

Accelerated  motion,  application  of  laws  to  movement  of  trains 514 

Acceleration-speed  curves 462 

Accidents,  danger  of,  due  to  curvature 507 

Accuracy  of  earthwork  computations 125 

numerical  example 11^ 

tunnel  surveying 197 

Additional  business;  methods  of  securing  (or  losing)  it 532 

Adhesion  of  wheels  and  rails 421,  422 

Adjustments  of  dumpy  level — Appendix pp.  619,  620 

instruments,  general  principles — Appendix p.  613 

transit — Appendix pp.  6l^-6iy 

wye  level — Appendix pp.  617-619 

Advance  signals,  in  block  signaling. . , , 391 

Advantages  of  re-location  of  old  lines .• 533 

tie-plates 286 

Air-brakes 424,  425 

Air  resistance — see  Atmospheric  resistance. 

Allowance  for  shrinkage  of  earthwork 128 

Alternating  current,  used  in  signaling :   3d4 

American  locomotives,  frame 401 

equalizing  levers 412  ' 

wheel  base t 400 

Rwy.  Eng.  Assoc,  formula  for  train  resistance 439 

system  of  tunnel  excavation 205 

Aneroid  barometer,  use  in  reconnoissanoe  leveling T 

Angle-bars,  angles  and  dimensions  of  standard  designs — Table  XXIV  . .   284 

cost 44T,  d 

efficiency  of MO 

for  various  weights  of  rail — Table  XXXII 447,  'il 

number  per  mile  of  track — Table  XXXV. .'  44T,  < 

standard 284 

Angle  of  slope  in  earthwork 90 

Annual  charge  against  a  tie,  at  5%  interest — ^Table  XVtIl.  .^^ p.  8>4 

Antiseptics - 38 

Appliances,  medical,  surgical .\     37 

Apprehension  of  danger,   effect  on  travel 508,  c 

ARCH   CULVERTS 220,  227 

design 226 

example 227 

Area  of  culverts,  computation 212,  217 

A.  S.  C.  E.  standard  rail  sections 207 

825 
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Ashpits M 

Asphyxiation,  treatment 41 

Assistant  engines — see  Pusher  engines  and  Pushor  grades. 

Atmospheric  resistance,  train 430 

AtUmtic  locomotives,  wheel  base 400 

Austrian  system  of  timnel  excavation 205 

Automatic  air-brakes 415 

signaling,  track  circuit 3M 

stokers 4CV , 

Averaging  end  areas,  volume  of  prismoid  computed  by 101 

Axle,  efifect  of  parallelism 

effect  of  rigid  wheels  on 

radial,  possibilities  of , 

size  of  standard  M.C.B 4^ 

Azimuth,  detorniination pip,  fap-fal 

"  Bad  order  "  tracks S78 

Balance  of  grades  for  unequal  traffic fiSO-All 

determination  of  relfttive  tmffio...  tXl 

general  principle SB 

theoretical  balance StO 

BALLAST— Chap.  VII. 

cost 238,  447.  • 

cross-sections SP 

laying 887  j 

materials tSfT 

pressure  on,  by  ties,  under  traffic 54l 

proper  depth 

Banjo  signals,  in  block  signaling .' 

Barometer,  reduction  of  readings  to  32°  F. — Table  XI pi, 

use  of  aneroid  iu  rcconnoissance  leveling y 

Barometric  elevations — Table  XII p.  8w 

coefficients  for  corrections  for  temperatures  and 

humidity— Table  XIII p.  SM 

Beams,  strength  of  stringers  considered  as igO 

Bearings,  compass,  use  as  check  on  deflections 2q^  21 

in  preliminary  surveys U 

Beds,  camping 0 

Belgian  system  of  tunnel  excavation 20S 

Belpaire  fire-box 401 

Blastmg 140-16B 

use  in  loosening  earth " 

Bleeding,  treatment 

BLOCK  SIGNALING— Chap.  XIV. 

"  Body  tracks  " 

Boiler  compounds 

for  locomotive 40B-4M 

Boiler-power  of  locomotives,  relation  to  tractive  and  cyUndar  powr. . .  414 
Bolts — see  Track  bolts. 

Bonds  of  railroads,  security  and  profits 4^ 

Borrow-pits,  earthwork 120 

Bowls  (or  pots)  as  rail  supports 280,  281 

Box-cars,  sise  and  capacity 4I| 
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Box  culverts 222-224 

old-rail 224 

stone 223 

wooden 222 

Bracing  for  trestles 174,  175 

design 193 

Brakes — see  Train-brakes . 

Brake  resistances 434 

Bridge  joints  (rail) 282 

spirals 5 

warning 375 

Bridges  and  culverts,  cost  of  repairs  and  renewals — Table  XLI 485 

Bridges  of  standard  dimensions  for  small  spans 230 

in  block  signaling 392 

Bridges,  trestles,  and  culverts  on  railroads,  cost •  446 

Broken-stone  ballast 232 

Burnettizing  (chloridc-of-zinc  process)  for  preserving  timber 251 

Burnt  clay  ballast 232 

Capital,  railroad,  classification  of 469 

returns  on 469,  470 

Caps  (trestle) ,  design 192 

Car  mileage,  nature  and  cost — Table  XLI,  §  485,  and 495 

Cars 416-420 

brake-beams 418 

capacity  and  size 416 

cost  of  renewals  and  repairs — Table  XLI 485 

draft  gear 419 

ga^e  of  wheel  and  form  of  wheel-tread 420 

stresses  in  car  frames 417 

resistance,  track,  freight 438 

passenger 439a 

truck  frames 418 

use  of  metal 418 

wheels,  kinetic  energy  of 435 

Cars  and  horses,  use  in  earthwork 140,  e 

and  locomotives,  use  in  earthwork 140,  / 

Carts  and  horses,  use  in  earthwork 140,  a 

Cattle  guards 228 

pa-sses 229 

Center  of  gravity  of  side-hill  sections,  earthwork 123 

Central  angle  of  a  curve 51 

Centrifugal  force,  counteracted  by  superelevation  of  outer  rail 71,  72 

of  connecting-rod,  etc.,  of  locomotive 413 

Chairs  as  supports  for  double-headed  rails 267 

Chats  lor  ballast * 232 

Chemical  composition  of  rails 273,  274 

purification  of  water -. 321 

Chert  for  ballast 232 

Cinders  lor  ballast 232 

Circular  lead  rails  for  switches 304 

Classification  of  excavated  material 156 

railroads 234 


828  INDEX. 

Cleaningi  mechanical,  locomotive  boilers 

Clearance  ciird  in  i>eriniH8ivo  block  signaling 

spacos  ill  locomotives 

Clearing  and  grubbing  for  railroads,  cost 

Clothing,  surveying  parties 

Coal  consumption  in  locomotives 407,  453  f< 

effect  of  incremae  rate 

varying  qui^ity 

per  car-mile 

Coaling  stations — hcc  T^ocomotive  coaling  stations. 

Columbia  locomotives,  wheel  btuse 

Compass,  use  of,  iu  preliminary  surveys 

Competitive  traffic 408  ^ 

Competitive  rates,  equality,  regardless  of  distance 

Compensation  for  curvature SIQ 

rate 

reasons 

rules  for 

Compensators  in  block  Hignaling 

Compound  curves t 

modifications  of  location 

nature  and  use 

mutual  relation  <  of  the  parts 

Compound  sections,  earthwork 

Computation  of  earthwork 101 

approximate,  from  profiles 

using  a  slide  rule , 

Concrete  pipe  culverts ' 

Conducting  transportation,  cost  of 48( 

Coning  wheels,  effect 

Connecting  curve  from  a  curvet!  track  to  the  inaute 

from  a  curved  track  to  the  otU^de 

from  a  straight  track 

Consolidation  locomotives,  e<]ualizing  levers 

frame 

wheel-baae 

Constants,  numerical,  in  common  use — Table  XV I 

Construction  of  tunnels ,.,...,, aoj 

Contours,  ohluined  by  crofw-aectioning 

Contractor's  profit,  earthwork 

Control  points,  in  general  route  for  a  railroad. 

Cooking  utensils,  camping 

Corbels  for  trestles 

Cost  of  ballast 

of  blasting ^•. .«.,.. 

of  chemical  treatment  of  timber • 

of  earthwork ;...,.    187  « 

of  framed-timber  trestles ••.., 

of  metal  tics. 

of  pile  trestles ^ 

COST    OF  RAILROADS.— Chap.  XVII.  '  "'  ' 

detailed  estimate 
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ist  of  rails 278 

of  station  buildings 329 

of  ties '. 248 

of  treating  wooden  ties .  i 256 

of  tunneling 209 

>unterbalancing  for  locomotives 413 

eosoting  for  preserving  timber 250 

OSS-country  routes — reconnoissance 4 

ossings,  one  straight,  one  curved  track 316 

two  curved  tracks 317 

numerical  example 317 

two  straight  tracks ; 313 

oss-over  between  two  parallel  curved    tracks,    straight    connecting 

curve 312 

straight  tracks 311 

oss-sectioning,  for  earthwork  computations 98 

for  preliminary  surveys 12 

irregular  sections  for  earthwork  computations 118 

oss-sections  of  ballast 233,  235 

of  tunnels . * 198 

oss-ties — see  Ties. 

own-bars  in  locomotive  fire-box 403 

ibic  yards  per  100  feet  of  level  sections — Table  XVII pp.  821-823 

JLVERTS   AND    MINOR   BRIDGES.— Chap.  VI. 

ilverts,  arch 226,  227 

area  of  waterway 212-217 

iron-pipe 220 

old-rail 224 

reinforced-concrete 225 

stone  box 223 

tile-pipe 221 

wooden  box 222 

TRY ATURE.— Chap.  XXII. 

compensation  for 510,  611 

correction  for,  in  earthwork  computations 121-124 

danger  of  accident  due  to 607 

effect  on  travel 608 

extremes  of  sharp 612 

general  objections 506 

of  existing  track,  determination 66 

proper  rate  of  compensation 611 

rve,  elements  of  a  1  ° 63 

location  by  deflections ► 66 

by  middle  ordinates 69 

by  offsets  from  long  chord 00 

by  tangential  offsets 68 

by  two  transits , , ,, ,,     67 

notation,  alinement  curves 60 

resistance  of  trains 396,  396,  433 

rves,  compound, — see  Compound  curves. 

elements  of •••..••!•     fll 

instrumental  work  m  IooaUob V. •...•.•« «•     48 
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method  of  computinit  lenilii. 

modifinatioM  of  loration 


D&tliis 


DeflacUou  for  a  tn 
Dsgrea  of  a  carva , , 


of  draignation IS 

of  looBtian  (not  unng  ■  traiuit)     61 
nlaCiau  to  boiler  had  tractive  power. .  114 


framed  treaUea ISS-ISS 

bracing Ifl3 

caps  andsillB 1S3 

floor  stringers ISO 

posts 191 


Development,  difinition 

metboda  of  reducing  frade ,--.-.,,.-.. 

Disadv«nlages  of  rc-loeaUon  ol  old  lines 

Diseases,  nifciii'iiies. 

DISTANCR— Chap.  XXI. 

eflecl  ol  cliange  on  btirfncaa  done 

diviaion  of  through  ra 


jUHtificni 


Double-ender  locDmolivea,  whcel-baso 400 

Doubte-Crack,  distance  between  lentcrs 03 

Draft  gear 4L0 


Drunage  ol  roadbed,  value  of M,  01 

DrsiDi  in  Sea 

Drawbar  pull,  locomotives tM 

Draw-bari 410 


Drinking  vater,  cuuiping  jmrtifa, 
Drlring-whMlf  ol  locamollm. . . 
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Driving-wheels  of  locomotives,  section  of 413 

Drop  tests  for  train  resistance 437 

Drowning,  treatment 42 

Durability  of  metal  ties 259 

rails ; 276.  276 

wooden  ties *. 242 

Dynamometer  tests  of  train  resistance , 436 

Earnings  of  railroads,  estimation  of 473 

per  mile  of  road 478 

EARTHWORK.— Chap.  III. 

Earthwork  computations,  accuracy 125 

approximate  computations  from  profiles 126 

level  sections,  approximate  volume 102 

numerical  example 103 

probable  error 116 

relation  of  actual  volume  to  numerical  results    06 

simple  approximations , 101 

Earthwork,  cost 137  et  aeq.,  445 

limit  of  free  haul 136 

method  of  computing  haul 130  et  aeq. 

shrinkage 127 

surveys 96-100 

Eccentricity  of  center  of  gravity  of  earthwork  cross-section 122 

Economics,  railroad,  nature  and  limitations 478 

of  ties 240 

of  treated  ties 257 

Efficiency,  loss,  in  steam  pressure 410 

Electric  shock,  treatment 42 

Elements  of  a  1°  curve 53 

simple  curve 51 

transition  curves — Table  IV pp.  637-639 

Embankments,  method  of  formation 120 

usual  form  of  cross-section 88 

Empirical  formulae  for  culvert  area 214 

accuracy  required 217 

value 215 

Engine-houses  for  locomotives '. .  341^^55 

doors 342 

drop  pits • 348 

electric  lighting 351 

engine  pits 4 . .  345 

floors 347 

form 341 

heating 340 

hoists 354 

length 348 

materials  of  construction 344 

piping 352 

smokejacks 346 

tools : -i 353 

tymtables 355 

window  lighting 350 
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Angineering,  proportionate  and  actual  cMt,  iA  Mkllfoid  WBMfcttirtmoh.., 

Sngineeiing  News  formula  i<x  pile-driving » ^ ^ ^ . . . 

Engineer's  duties  in  locating  a  railroad k.v... 

Sngine-houses  for  locomotives .^ ,,  M 

Bngineoient  basis  of  wages ^ 

Bnf^sh  system  of  tunnel  excavation .  .' 

Enlargement  of  tunnel  headings 

Entrained  water  in  steam -. .^  . . . 

E<|aaliEing4eTers  on  locomotives 

Equivalent  sections  in  earthwork,  determination  of  area 

Estimation  of  probable  volume  of  traffic  and  \st  kJ^obable  i^wtlt. ... 

ETAporation  per  pound  of  fuel— Table  XXXVIv  ahd 

Ezearation,  usual  form  of  cross-section .......  i ..  ■. 

Ez^ust^team,  efifect  of  back-pref»ure 

Expansion  of  rails ', 

Ezplosires,  amount  used -. 

firing -.  ■. 

tamping , . , . . 

use  in  blasting * •....*.%.,.* 

Expenditure  of  money  for  railroad  purposes,  gener&l  prineii^lSB  ^  .... 

External  distance,  simple  curve 

table  of,  for  a  1®  cur>'e — ^Table  II ... ^.  5 

Facilities,  traffic,  effect  of  increase 

Factors  of  safety,  design  of  timber  trestles 

Failures  of  rail  joints -.  i . . . . 

Fastenings  for  metal  cross-ties % 

Fences j 

braces i w 

concrete  posts ^ 

construction  details 

post-s 

types ^ .  ^ 

wire  fences v 

Field  work  for  locating  a  simple  curve -.  .  .  v . .  -.  k 

a  spiral : 

Fire-box  of  locomotive ,- , 

area  of  grate -. •  *  *  ^  ■• »  v  »  » ,  ^  k  * . 

Fire-brick  arches  in  locomotive  fire-box 

Fire  protection  on  trestles 

Fixed  charges,  nature  and  ratio  to  total  disbursements 

Flanges  of  wheels,  form 

Flanging  locomotive  driving-wheels,  effect .  . : 

Floor  systems  for  trestling 1 

Foaming  and  priming,  in  locomotive  boilers .' ■, 

Formation  of  embankments,  earthwork I 

railroad  corporations,  method 

FormulsB  for  pile-dri>'ing ' 

required  area  of  culverts .^ 

train  resistance 

trigonometrical — Table  XIV p.    3, 

useful,  and  constants — Table  XV 
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Fouling  point  of  a  Biding.  ...««.*  t  * .  *  i  <  i «»»»  m  i  n  %  v  ^  ;•.-.•... . » .  394 

Foundations  for  framed  treetleSk i ....  i ..  4  ...*»•..  i 173 

Fractures,  bone»  treatment •....;..;.-. 413 

FRAMED    TRESTLES ;.*»;;......;.....    169-19^ 

abutments. i i ......... .    176 

bracing m-.  \ .  .-i  ..%■..:■.  i    174>  17l» 

coBt i 184 

design ^ ......  ^ ^., .    169,  18&-19S 

foundations v 173 

joints V . .  V . .  v%    170 

multiple  story  construction ^^    17i 

Bpan ; 172 

Frame  of  locomotive,  construction i . . .  40l 

Frfee  haul  of  earthwork,  limit  of 136 

Freight  houses 330-33^ 

dimensions i i » . . . . »   332 

doors t .  * . . . .  33ft 

fire  risk. t » w ......  >   33l 

floors. 334 

Hghting 337 

.   platforms .  . .  i, 333 

ramps : 330 

roofs 336 

scales : 833 

two  types,  in-bound,  out-bound 330 

Freight  yards 876-363 

general  pKnciples ^ 379 

minor  yards 381 

relation  of  yard  to  main  track 380 

track  scales .    382 

transfer  cranes i . .  1 362 

French  system  of  tunnel  excavation 205 

Friction,  laws  of,  as  applied  to  braking  trains 42S 

Frogs,  diagrammatic  design ;   897 

for  switches a* 297«  298 

to  find  frog  number i 298 

trigonometrical  functions — Table  III .  ..\..i.i:  ..M%i%  f^  635,  636 

Fuel  for  locomotives,  cost  of i^-..  v  i » ^  »....*  ^ .  i ......  %  ^4S5^  491 

pumps  and  engines,  cost — Table  XXVIII* 326 

Gauge  of  wheels,  form  of  wheel-tread » i  ...*..  w  .  429 

German  system  of  tunnel  excavation. .».«....*......«..  806 

GRADE— Chap.  XXIII. 

(see  Pusher  grades,  Ruling  grades.)  • 

accelerated  motion  of  trains  on 614 

distinction  between  ruling  and  minor  gradM.  .  ^  .  v .  4  * 613 

effect  on  tractive  power  of  locomotives k v .  v  481' 

in  tunnels .....%...«    100 

line,  change  in,  based  on  mass  diagram ,  ,^ ..... .   135 

resistance  of 432 

starting  resistance  at  statioiiBi  redtietion » .  667 

undulatory,  advantages,  difladvantiSM,  Mid  safe  limiti 618 
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Grade,  ▼irtoal , Hi 

use,  value,  and  misuse ilT 

Grade  resistance  of  trains Ul 

Gravel  ballast 81 

Gravity  tests  of  train  resistance 49 

Grate  area  of  locomotives 4IH-40I 

ratio  to  total  heatinc  surfaoe 401 

Gravity,  effect  on  trains  on  grades 4B 

tests  of  train  resistance 4V 

Ground  levers  for  switches M 

Growth  of  railroad  traffic 48% 

affected  by  increase  of  facilities 171 

Guard  rails  for  switches M 

for  trestles Ifl 

Guides  around  curves  and  angles  (siflnaling  mechanism) M 

Gumbo,  used  for  ballast HI' 

Hand  brakes 49 

Haul  of  earthwork,  computation  of  length 180  gt  Mfr 

cost 140il48 

limit  of  profitable 148 

method,  depending  on  distance  hauled .  .  ^ 141 

Headings  in  tunnels HI 

Heating  surface  in  locomotives 401 

Hoosac  Tunnel,  surveys  for I94, 197 

Hump  yards 871 

I-beam  bridges,  standard HB 

IMPROVEMENT  OF  OLD  UNES.— Chap.  XXIV. 

classification y| 

Inertia  resistances 485 

Insect  bites,  treatment 44 

Instrumental  work  in  locating  simple  curves t jl 

spirals H 

Interest  on  cost  of  railroads  during  construction 4II 

Iron  pipe  culverts SI 

irregular  prismoids,  volume IM 

numerical  example ig| 

sections  in  earthwork,  computation  of  area I0f 

Joints,  framed  trestles jH 

rail 879-JBi 

JournaT  friction  of  axles. 411,1 

Klinetic  energy  of  trains 0| 

Kyamzing  (bichloride-of-mercury  or  corrosive  sublimate  piooeH)  lor 

preserving  timber ••••..  Ill 

Ladder  tracks HI 

Land  and  Land  damases,  cost 4ll 

Lateral  bracing  for  trestles 171 

Length  of  rails 170 

a  simple  curve ^ H 

a  spiral ^  H 

Level,  dumpy,  adjustments  of — ^Appendix fb  111 

wye,  adjustments  of — ^Appendix , fb  llf 
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Levelini;,  location  survesrts ^ 

Level  sections,  volume  of  prismoids  surveyed  as 102 

numerical  example 103 

Life  of  locomotives 415 

Limitations  in  location  of  track 04 

of  maximum  curvature. 512 

Lining  of  tunnels 200 

Loading  earthwork,  cost 139 

of  trestles 188 

Local  traffic,  definition  and  distinction  from  through 498 

Location  of  stations  at  distance  from  business  centers,  effect 476 

Location  Surveys — paper  location 18 

surveying  methods 20 

Locomotive  coaling  stations 350-359 

coal  conveyors 369 

coaling  trestles 358 

hand  shoveling 356 

locomotive  crane 357 

rating 467 

resistances 429 

Locomotives,  cost  of  renewals  and  repairs 488 

general  structure 401-414 

life  of 415 

resistance — Table  XXIX 429 

types  permissible  on  sharp  curvature 509,  b 

Logarithmic  sines  and  tangents  of  small  angles — Table  VI ... .  pp.  660-663 
sines,  cosines,  tangents,  and  cotangents — Table  VII.  pp.  663-707 
versed  sines  and  external  secants — Table  Villi  .  .    pp.  708-752 

Logarithms  of  numbers — Table  V pp.  640-659 

Long  chords  for  a  1°  curve — Table  II pp.  632-634 

of  a  simple  curve 51 

Longitudinal  bracing  of  a  trestle 174 

Longitudinals  (rails) 239,  264 

Loop — see  Spiral. 

Loosening  earthwork,  cost 138 

Loss  in  traffic  due  to  lack  of  facilities 476 

Maintenance  of  equipment,  as  a£Fected  by  pusher  engines 528 

cost  of 488 

Maintenance  of  way  as  affected  by  pusher  engines 528 

cost  of 485-^7 

Mallet  locomotives,  wheel-base 400 

Map  chest,  for  field  parties 31 

Maps,  use  of,  in  reconnoissance 1,  6 

Mass  curve,  area 133 

properties 132 

diagram,  effect  of  change  of  grade  line li35 

haul  of  earthwork 131 

value 134 

Mathematical  design  of  switches 304-312 

Measurements,  location  surveys 21 

Mechanism  of  brakes , , .' 423-4^ 
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Medical  and  8iir(ietl  treatment ^ |Mt 

METAL  TIES— see  Ties,  metal,  i » « ,  UMft 

Metric  curves ».i.... 0 

Middle  ordinate  of  a  simple  curve ^ g 

Mileage,  car ^ il 

locomotives,  average  annual »....« 4)1 

Mikado  locomotive,  power  of  one  typical  engine  under  vmriona  eon- 

ditiona .».« 41 

wheel-base 4l 

Minor  openings  in  roadbed SS-fli 

Minor  stations,  rooms  required*  conatruction U 

MISCELLANEOUS  STRUCTURES  AND  BUIU>INOS.---Ch»p.  ZtL 

Modifications  in  location,  compound  curves I 

simple  curves w....* 8 

Mogul  locomotives,  wheel-base 4N 

Monopoly,  extent  to  which  a  railroad  may  be  such fll 

Mountain  routes — rcconnoissanoe I 

"  Mud  »»  ballast !!!!!..« 

sills,  trestle  foundations 17^1 

Multiple  story  construction  for  trestles ffl 

Myer's  formula  for  culvert  area -. SH 

Natural  sines,  cosines,  tangents,  and  cotangents — Table  tX . . .  ypi  t3l~Hl 

versed  sines  and  external  secants — Table  X. .  .  . » H^  ^^  |gl 

Non-competitive  traffic,  definition 0 

efifcot  of  variations  in  distanoe gg/^  H 

extent  of  monopoly gi 

Notes — ^f  orm  for  cross-sectioning. H 

location  surveys » % 

reconnoissance J 

Number  of  a  frog,  to  find » M 

of  trains  per  day,  probable -, ^ 

Nut-locks,  design ^ 0 

Obstacles  to  location  of  trackwork *--•.".....»,..   il 

Obstructed  curve,  in  curve  location ^^^ |^i 

Odometer,  use  in  reconnoissance ■ •  -  . . .  I 

Oil-burning  locomotives t..k *..*.. ....Hi 

houses » 1 » t . » |g 

Old-rail  culverts « v ^ 

Open  cuts  vs.  tunnels k ;" |0| 

OPERATING   EXPENSES.— Chap.  XX. 

detailed  classification — ^T»ble  ZU #1 

per  train  mile ...i HI 

reasons  for  uniformity  per  ttrnm.  milB. ....  life 

Operation  of  tratns,  effect  of  curvature  on jH 

Oscillatory  and  concussive  velocity  resistances,  train 4|| 

Ordinates  of  a  spiral ii 

Paper  location  in  location  surveys , ]| 

preparation  of  notes  for  field-work , ]| 

Physical  tests  of  steel  splice  bars ..». •-,.».   ...  Ml 

steel  rails ^ Sft-U 

Picks,  use  in  loosening  earth ••••»,,,         INlI 
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Beb^Pta.,,,,,,,,,,,,..,,,, ..M^-.- ,,..,.,...,  W.  Ift^ 

drivipg. ,  ,  , , , , . . , , , , . , ,   169,  167 

driving  formulsB ,..,...., 163 

points  aD(]  aboea. ,.,.,..,...,.. , «..«., 164 

trestles,  cost 168 

design ....,....,.«... 165 

[LE   TRESTLES 161-168 

ileSy  timber,  specifications 166 

ilot  truck  of  locomotive,  fiotion. 300 

[PE   CULVERTS 218-221 

advantages 218 

construction 219 

iron 220 

tUe 221 

ipe  compensator^ 308 

pes,  use  in  block  signaling 393 

,t  cattle  guards 228 

atforms,  station , 328 

oughs,  use  in  loosening  earth 138,  a 

>int  of  curve 51 

inaccessible,  in  curve  location tt2,  6 

>int  of  tangenoy &1 

inaccessible,  in  curve  location 62,  & 

>int-rails  of  switches,  construction 300 

)int-switches 300 

>iiy  truck  of  locomotive,  action 399 

)rtals,  tunnels,  methods  of  excavation 207 

)sts,  trestle,  design  of 19*1 

>unds  of  steam  per  I.H.P.  hour  at  various  cut-offs 455 

per  pound  of  coal 452 

DWER    OF   A   LOCOMOTIVE.— Chap.  XVIII. 

eliminary  financiering  of  railroads,  Chap.  XIX,  and 441 

elimuiary  surveys — cross-section  method 11 

"first"  and  "second" 17 

general  character 10 

value  of  re-surveys  at  critical  points 17 

eservative  processes  for  timber,  cost 256 

general  principle 249 

methods 249-255 

ismatic  compass,  use  in  reconnoissance 8 

ismoidal  correction  for  irregular  prismoids,  approximate  value 115 

in  earthwork  Qomputations,  comparison   of  exact 

and     approximate 

methods 116,  117 

for  equivalent  sections  113 
for  irreguli^r  sections.  115 
for  level  sections... . .  112 
for     three-level    seo- 

tioDS 114 

(pif    ^rianguUiir   pris- 
moid.  .,,.«.•....  Ill 
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PriBmoids,  in  earthwork  oomputatioiis 0 

Profit  and  loss,  dependence  on  business  dono 471 

small  margin  between  them  for  railroad  promotera 4T0 

Profits  (and  security)  in  the  two  general  classes  of  railroad  oblisations. .  4fll 
Profit,  in  earthwork  operations IS 

PROMOTION  OF  RAILROAD  PROJECTS.— Chap.  XI3^. 

Provisions,  for  camping S 

Pumping,  for  locomotive  water-tanks 325,  M 

Pusher  grades 628-0 

comparative  cost 5S 

general  principles 50 

required  balance  between  through  and  pusher  sradea^ . .  SM 

required  length fif7 

Pusher  engines,  cost  per  mile — Table  XHV filS 

operation , 

service , 

Radial  stays,  in  locomotive  boilers , 

Radiation  from  locomotives 411 

into  the  exhaust-steam 411 

Radii  of  curves — Table  I p^  fag  fti 

Rail  bending  and  depression  due  to  traj£c Ul 

braces : 

expansion,  resistance  at  joints  and  ties  to  free  ezpanaion. . . . , 

RAIL  FASTENINGS.— Chap.  X. 

Rail  gap,  effect  of,  at  joints , 

joints 279-181 

effect  of  rail  gap , 

efficiency  of  any  type , 

failures 

standard  designs  and  dimensions,  Table  XXIV , 

specifications , 

"  supported  " ^„^^ 

"  suspended  " .,  .280,  tO 

theoretical  requirements  for  perfect SII 

sections 260,  Sl7 

A.s.c.E.  nr 

"  bridge  " an 

"  bull-headed  " 986^  2IT 

compound , 

"  pear  "  section , 

radius  of  upper  corner,  effect , 

reversible , 

"  Stevens  " 

"  Vignoles  " ] 

stresses  duo  to  counterbalancing  of  locomotives , 

wear,  experimental  determination 277 

RAILS.— Chap.  IX. 

angles  and  dimensions  of  standard  designs.  Table  XXIII Ml 

branding ^^4 

cast-iron ma^ 
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ils«  chemical  composition 273,  a 

classification 273,  e 

cost 278,  447,  c 

cost  of  renewals  of 278,  485 

dimensions  and  drilling 273,  « 

effect  of  stiffness  on  traction 269 

expansion 271 

stresses  caused  by  prevention  of  expansion 271 

rules  for  allowing  for 272 

finishing 273,  / 

flow  of  metal .....;.;: 276,  a 

inspection .......;.. 273,  a 

intensity  of  pressure  on ; 275 

length 270 

allowable  variation 273,  e 

46-  and  eO-foot  rails. ; 270 

life. ;;..;;.; 274 

No.  2 ,.. 273,  c 

physical  requirements 273,  h 

relation  of  weight,  strength,  and  stiffness 260 

specifications 273 

temperature  when  exposed  to  sun 272 

testing t  w  .;;.......; 273,  h 

tons  per  mile — Table  XXXI  .....<  » 447,  c 

wear  on  curves ; 276a,  277 

tangents 276,  277 

weight,  for  various  kinds  of  traffic 268,  447 

.tes  based  on  distance,  reaeons .  .• 497 

through,  method  of  division  of  v 499 

iting  of  locomotives 467 

!ceipts  (railroad) ,  effect  of  distance  on  < 498^-605 

iconnoissance  over  a  cross-country  route 4 

surveying,  leveling  methods 7 

surveys  ..<....«  4>».»  i  i 1-0 

character  of 1 

cross-country  route 4 

distance  measurements 8 

mountain  route 5 

selection  of  general  route 2 

value  of  high  grade  work 0 

through  a  river  valley 3 

;duction  of  barometer  reading  to  32°  F. — Table  XI p.  799 

theaters,  in  locomotives 406 

$inf orced-concrete  culverts  i 225 

ties............... 265 

mewdl  of  tkUs,  cost  of : 485 

of  ties,  cost  of 246,  et  seq.  485 

regulations  governing  it 246 

»pairs  and  renewals  of  locomotives,  cost. 488 

spairs  of  roadway,  cost  of ..:.-..-...:. 486 

}pairs,  wear,  depreciation,  and  interest  on  cost  of  plant;  cost  for  earth- 
work operations .- .  <  1 1 .  •.  \  %  -.  *.  -.  t  v  v  \  i  ■. « .  % 140 
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Re^cement  of  a  compound  curve  by  a  curve  with  i**«*i\i .-, 

simple  cur>'e  by  a  curve  with  apiral^. ,  ^ 

Requirements,  nut-locka ,^. .,, 

ix^rfect  rail-joint •••,«•••«• 

spikes ^vaa^a.ast.,. •..,.. 

track-bolts , •••«.. ••.•..^. 

Resistances  internal  to  the  locomotive ««44i« 

(see  Train  Resistance.) 

Retardation-speed  curves ^••.•, 

Revenue,  gross,  distribution  of ••,•,,••«.••.. 

Roadbed,  form  of  subgrade ,,...i^^« «..•• 

width  for  single  and  double  track ••.,...« 

Roadway,  cost  of  repairs  of «•«•...«• 

as  affected  by  pusher  engines •«««t«ii 

Roadways,  earthwork  operations,  cost  ol  keepipg  in  orclev 

Rock  ballast ,, ^ 

Rock  cuts,  compound  sections f***tt«*ttt*4-«t«*«** 

Rolling  friction  of  wheels , ,^,, 

ROLLING  STOCK.— Chap.  XIV. 

Rotative  kinetic  energy  of  wheels  of  traUi ^«««>>..». «.,..< 

Route,  selection  as  affected  by  locomotive  power »^*»«*.i%«i 

Rules  for  switch-laying ««. •••,,, 

Ruling  grades , ,,,, 

choice  of , ,,.•,,,, , , 

definition ««,«•*.  ••.,••«•• 

proportion  of  traffic  affected  by ,,, 

Run-off  for  elevated  outer  rail , •••••^•. ««•... 

Sand  houses ,•••.«... 

used  for  ballast v*^***-*.***..,, 

Scales,  track *^^««<«i»*«i«i^«».,« 

Scrapers,  use  in  earthwork «.. «««««^.,... 

Screw-spikes,  as  rail-fastenings ••«««^^««4 

Section  houses,  value,  construction ^«^«« 

tool  houses t*tT*«<^^«*«««4i«*«i».at 

Selection  of  a  general  route  for  a  railroad .., 

Semaphore  boards,  in  block  signaling 

Setting  tie-plates,  methods 

Shafts,  tunnel,  design 

surveying , , 

Shifting  centers  for  locomotive  pilot  trucks,  aotion , 

Shoveling  (hand)  of  earthwork,  cost !•••.. 

(steam)  of  earthwork,  cost »•...  •.,.,,., 

Shrinkage  of  earthwork •'•••«•• -^^.f,.... 

allowance ^ 

Side-hill  work,  in  earthwork  computations  ••••••••• ^^, ,.,,,,,,, 

correction  for  curvature **»st-*»L«»*« 

Signaling,  block,  "  absolute  "  blocking.  ...*..,»fi,,,,,,^ 

automatic '•••  «^- •••  ^••,^,.,., 

manual  systems •."*••••*•%%,•,,,-„ 

permissive •*"««*i«*«^«»   «  • 
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niUs,  mechanical  details. 
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pis * a7^^74 

division  poata 374 

highway  signQ 3711 

iparker  posta .....,...,..,,...   374 

mile  posts 374 

trespass  sign? , .  379 

whiatic  qigne , , , 374 

Is  for  trestles,  c^esign , }92 

uple  curves *. , .  .40-^ 

idding  of  wheels  on  rails 421-422 

\g,  used  for  ballast ,,..,,, , . , « . .  93^ 

de-rule,  in  eartliwork  computations ...,.,,«,   ^QQ 

mnng  of  wheels  on  rails,  lateral , . . . ,  3dtt 

longitudinal ..,..,...,,..   396 

m,  for  switchwork 314 

ipes  in  earthwork,  for  cut  and  fill   « . .  .^  99 

cfifect  and  value  of  sodding 95 

»pe-stake  rod,  automatic : lOQ 

tpe-stakes,  determination  of  position , 99 

tk^  bites,  treatment ...,., 44 

Dw  fences 9^ 

sheds « , . , .  t « «...  365 

Idiug  slopes,  effect  and  value « ,     95 

icing  of  ti^S 344 

m  of  trestles «.,,.« «...«, 172 

Kifications  for  earthwork. ..,..,..,. ,•,,.*..,,,,,.,.   157 

steam  shoveling,  earthwork ...,,♦,,,.«.,..  13Q,  6 

steel  rails ..,,..,,,«,,,,  ^ « « « . « 974 

steel  splice-barg ..,,,,,,,,,,,,,»,»,»,,,,,, j)85 

timber  piles ,*%s^ » , ♦ 166 

wooden  ties ,,.« ,,«.....,».,..•..  MA 

)e4  of  trains,  reduction  due  to  curvature ,  ^ «••.,.»«.  (0^  q 

relation  to  superelevation  of  out^r  rail ,..,...,  71,  72 

relation  to  tractive  adhesion  ....,,,,,..♦,,,,,,.,  ,499t  • 

kes 980,  991 

coat , T,.,..  ♦..,..,,» «.^. 447.4 

driving ,...,,..,.,.,..«,,« ,,  990 

number  per  mile  of  track — Table  XXXIII 447,  0 

screw , 291 

rcQuirementa  in  deaign 280 

"  wooden  '*  for  plugging  spike-holes 292 

rals»  bridge  and  tunnel 5 

(see  Transition  Curvea) 
ice-bars — sec  Angle-bars. 

it  stringers,  caps,  and  sills , r  •  •  * « •  I6lt  I7f 

eading  earthwork*  cost ..  .^ ,,,,,,,,,,,« t  «•«••  ^  •••  •• *  ^  <  • « «  149 

dia  method,  form  of  notes t  •  1 1 « •. ,  ^  •  •  •    14 

for  preliminary  survey^ ,,..,♦,.,,, 13 

for  reQQnnoiseance  tit««tf«tti*««4«>*«i«*.*«*««i*i>^«B      i 

methads  of  work  ..*<.•«,«•••.«.««•  ^  .^ ..« 13 

organisation  of  narty  <  •  t  •.«••<•«..««  t  «•  t « 44««  ^  ••  m  •    lA 
reduction  of  obcierYatippflf  f  »»#  1 1  •  f  1 1 1  r » 1 1  ««<  t  «••».. .    15 
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Stadia  method  \'b.  croflB-section  method .' II 

Stand  pipes  fur  locomotive  water  aupi^y t 

Starting  grade  at  stations,  reduction  of I 

Station  buildings,  c(wt I 

platforms i.» I 

Staybolta  for  locomotive  fire-boxes \ 

Stays,  in  locomotive  fire-box I 

Steam  pile-drivers li 

Steam-shoveling  of  earthwork Ui|l 

weight  per  foot  of  stroke ■ 45^  Ui 

Stiffness  of  rails,  effect  on  traction M 

Stocks  of  railroads,  security  and  profits II 

Stone  baUast W-tf 

box  culverts 0 

foundations  for  framed  trestles lll^f 

Straight  connecting  curve  between  two  parallel  eorved  tnMiks tf 

from  a  curved  main  track Hi 

Strength  of  timber tff 

factors  of  safety ,]fl 

required  elements  for  trestles Ill 

STRESSES  IN  TRACK.— Chap.  XXV. 

Action  of  track  as  an  elastic  structure ••••• 0 

Bonding  moment  and  depression  of  rail ifl 

Counterbalancing — effect  on  track  stresses.  .........,,>^, Itf 

DcpreBsion  of  track  for  static  loads <4 -.- itf 

Instruments,  special^  used  f<M*  tests Id 

Nature  of  the  subject , fll 

Pressure  by  ballast  on  ties 10 

Rail  stress *.,.,* Hi 

Transverse  stresses  in  tics , Ill 

Stringer  bridges,  standard,  steel 81 

Stringers,  design ',  Hi 

for  trestle  floors >•••• .UT 

Stub-switches HI 

Subchord,  length • -, , ,,,   H 

Subgrade,  of  roadbed,  form < ••••«. .•^«- tf 

Superelevati<Mi  of  the  outer  rail  <m  curvesa  L.  V.  R.  R.  run-off fl 

on  treaties IH 

praotioMl  rulea Q 

standard  on  N.  Y.  N.  H. 

ft  H.  R.  R n 

TableXIX tt 

theory 71 

Super-heaters,  in  locomotives ,. ..'iM 

Superintendence,  cost  in  earth  operations ^ IH 

Supported  rail-joints HI 

Surface  cattle  guards Ml 

•  surveys  for  tunneling HI 

Surveying  parties,  maintenance , B4I 

number  <rf  men  required ^ H 

Surveys  and  engineering  expenses  for  railroads,  cost ..40 

accuracy »....» ,  fH 
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reys  for  tunneling 104-197 

with  compass 11 

Suspended  rail-joints .' 282 

■  Swinging  pilot  truck  on  locomotive 399 

^Switchbacks 5 

Switch  construction 296-303 

essential  elements 296 

frogs .297.  208 

guard  rails 303 

point 300 

stands 301 

stub 299 

tie  rods 302 

SWITCHES  AND  CROSSINGS.— Chap.  XI. 

Switches,  curved  lead  rail,  rectangular  coordinates — Table  XXV. .  313 

mathematical  design 304-307 

using  circular  lead  rails 304 

using  straight   frog  rails   and  straight 

point  rails 305 

resistance  of  cars  through 438 

Switching  engines,  wheel-bases 400 

used  in  pusher-engine  service 526 

Switch  leads  and  distances — Table  III pp.  635,  636 

laying,  practical  rules 313 

slips 314 

stands 301 

Tables,  dining,  camp 28 

drawing,  camp 30 

Talbot's  formula  for  culvert  area 214 

Tamping  for  blasting 153 

Tangents  for  a  1°  curve — Table  II pp.  632-634 

Tangent  distance,  simple  curve 51 

Tanks,  water,  for  locomotives 324 

track 326 

Temperature  allowances,  while  laying  rails 272  . 

Ten-wheel  locomotives,  wheel-base 400 

Telegraph  lines  for  railroads,  cost 450 

Tent  floors 26 

stoves 27 

Tents , 25 

TERMINALS.— Chap.  XIII. 

inconvenient,  resulting  loss 476 

justification  for  great  expenditures 476 

Terminal  pyramids  and  wedges,  in  earthwork 89 

Tests  for  splice  bars 285 

for  rails 274 

to  measure  the  efficiency  of  brakes 426 

Three-level  sections  in  earthwork,  determination  of  area 105 

numerical  example 105 

Throw  of  a  switch 304 

Through  traffic,  definition 498 

division  of  receipts  between  roads 499 


844  mpBX. 

Thfovgk  traiUc.  effppt  of  clutngea  w  di9t4Aee9  on  rf^^pte, ..,,,., 

Tie-pUtes , , 

advaptagcq ,.,,.,.. H 

eleniontfl  of  degigq t«--.««,. ,,.,..,. IB 

method  of  acttipg , ....  11 

Tio  rod«,  for  awitchep '. , M 

TIES.— Chap.  VIII. 

cost  of  renewal  of , S4K  4 1^ 

metal 85B-X 

durability M 

econumios M 

extent  of  use ]8 

form  and  dimonsiona !■ 

mimber  per  inile  of  track — Table  XXX. ^' ^ 

numbor  and  value,  used  In  U.  8.  in  1915 — ^Table  XXII Ml 

on  treath'S Ul 

reinforced  concrete Ml 

wowlen,  preservative  processes 24A-MI 

regulations  for  relaying Ml 

Ties,  wooden 341-0 

choice  of  wood |fl 

construction , .• Ml 

w>8t Jig^  4tT,l 

dimensions Ml 

durability ....Ml 

economics M| 

quality  of  timber Ml 

spacing M4 

sijecifications Ml 

transverse  stresses  under  traffic Mt 

Tfle  drains,  to  drain  roadbed , , M 

pipe  culverts (•t*:*^*^.., )tl 

Timber,  choice  for  trestles 10 

Pil<'s 1  •  t . ,  ,  .  , , ]4i 

^^^ **ii«t**>i.,,,....4tf 

moduli  of  rupture — Table  XX ;**it>tt-*i W 

stroHRth  of lH 

working  unit  stresses — Table  XXI Uf 

TopojxaplUcal  mapSj  use  of,  in  reconnoissance ^     | 

Track,  action  as  an  clastic  structure !•»•••, ...,..,  |W 

holts,  average  number  in  a  keg  of  80Q  pouncts.  > , , , , 447,i 

fopt , , 447,4 

design ,  , Ml 

essential  requiremepts i  -.,..,.,,.  Ill 

for  various  weights  of  rail — Table  XXXII 447,4 

number  required  i)cr  mile — T^ble  XXXV-  •  •  •  t 447,  i 

Circuit  for  automatic  signaling , , i  ••,,,.,. .  IH 

deprespi(>n  for  static  loads , ^ 

laying  on  railroads,  cost 447.ff 

8C^^^8 .f*i*«.,,,   m 

Stresses  in  — CUap.  XXV 
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Vnictive  power  of  locomotiye^^Tables  XXXIX  ahd  XLIII  tihd 4li 

effect  of  grade .;...;.  i 461 

relation  to  boiler  and  cylinder  poWer. . .   4 14 

variatioti  irith  velocity. 457,  460 

Ttaffic,  classification  of 498 

estimation  of  probable  volume -. 473 

TRAIN-BRAKES 461-427 

automatic 425 

brake-shoes 427 

general  principles 421,  422 

hand-brakes 423 

straight  air-brakes 424 

tests  for  efficiency 426 

Ttain  length  limited  by  curvature 509,  a 

maximum  on  any  grade i 521 

loads,  methods  of  increasing 532)  b,  535  et  seq, 

TRAIN  RESISTANCE.— Chap.  XVI. 

formulae  for  freight  ears 439 

passenger  cars 439,  a 

through  switches , «...   438 

Train  service,  cost  of,  492,  and  Table  XLI 641 

supplies  and  ezpelises,  cost  of,  in  conducting  transportation.  ....   493 

and  Table  XLI 541 

wages — see  Train  service. 

Transfer  cranes  in  freight  yards 382 

Transit,  adjustment  of — Appendix jfj).  6ti|~^*V 

Transition-curves 71-83 

Table  IV ppj  ^^-63^ 

application  to  compound  otirlreB.  .  .  .  < S^ 

field-\tork ; ^ 

fundamental  principle t4 

replacing  a  compound  cnrre  by  dtirvea  nith  ferpiritlB . .     9h 

simple  cntre  by  h  ^iir¥e  iHth  0t)ii^ 81 

required  length ^ 

symbote H 

their  relation  to  tangents  and  simple  curtes 79 

to  find  the  deflections  from  Aiiy  point 78 

ordinat«ils j t& 

use  of  Table  IV 78 

varieties , ; 7S 

from  level  to  inclined  track TO 

Transportation^  surveying  parties .•..-..... i 34 

TRESTLES.— Chap.  IV. 

cost , 184 

extent  of  use 158 

framed , 169-184 

Trestles,  pile iM-l^ 

posts,  design ;..<...    191 

required  elements  oF  strengf k , 186 

sills,  design * .■   IK2 

stringers,  design 190 

timber , 183,  187 
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Trestles  m.  embankments 19 

Trimming  cuts  to  proper  cross-flection 141 

Trucks,  car 418 

four-wheeled,  action  on  curves M 

locomotive  pilot M 

with  shifting  center M 

TUHHELS.— Chap.  V. 

cost 801 

M.  open  cuts 28 

Tonnri  cross-sections 19B 

design 198-201 

drains 21B 

enlargement 204 

grade Ul 

headings 20 

lining 201 

portals SOT 

shafts 196,  201 

spirals S 

Tttmout,  connecting  curve  from  a  straight  track 3QB 

from  a  curved  tract  to  the  outaidm 301 

to  the  inaide 3H 

dimensions,  development  of  approximate  rule |Q| 

from  inner  side  of  curved  traek Jffl 

from  outer  side  of  curved  track |0I 

Turnouts  with  straight  point  rails  and  straight  frog  rails,  fHwiitni^jta 

of— Table  III pp^  Cgg^  %f 

Turntables  f(»r  locomotives 2M 

Underground  surveys  in  tunnels IM 

Undulatory  grades,  advantages,  disadvantages,  and  safe  limita 5U 

Unit  chord,  fliniplc  curves H 

Useful  formulae  and  constants — Table  XV |lI4 

trigonometrical  formula  — ^Table  XIV pp,  g^i^  |p 

Valley  route — reconnoissance J 

Velocity  head  applied  to  theory  of  motion  of  trains ^ 

as  applied  to  determination  of  train  reabtsnoe tf 

of  trains — Table  XLII '//    5]$ 

Velocity  of  trains,  method  of  obtaining 0 

resistances,  train 4|| 

Ventilation  of  a  tunnel  during  construction ]0I 

Vertex  inaccessible,  curve  location f^t 

of  a  curve Q 

Vertical  curves,  mathematical  form , M 

necessity  for  use 81 

numerical  example fff 

required  length 0 

Virtual  grade,  reduction  of -.•.,, 6W-fV 

profile,  construction  of 511 

use,  value,  and  possible  misuse 517 

Wages  of  engine-men ^^  HO 

trackmen jm 

trainmen ^i 
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Wagons,  use  in  hauling  earthwork 140*,  h 

Water  for  locomotives,  chemical  qualities •  319 

consumption  and  cost 318,  325 

methods  of  purification 319-321 

reagents   for   removing   corrosive   or   incrusting   matter — Table 

XXVI 321 

stations  and  water  supply 318-327 

location 318 

pumping 325 

required  qualities  of  water 319 

stand-pipes 327 

tanks 324 

track  tanks 326 

table  in  locomotive  fire-box 403 

tanks  for  locomotives 324 

protection  from  freesing 324 

way  for  culverts 212-217 

Watering  stock 469 

Wear  of  rails  on  curves 276 

on  tangents 275. 

Weight  of  rails 267,  268 

Westiaghouse  air-brakes 425 

Wheelbarrows,  use  in  hauling  earthwork 140,  c 

Wheel-bases  of  locomotives,  types 400 

Wheel  resistances,  train 431 

Wheels  and  rails,  mutual  action  and  reaction 395-399 

effect  of  rigidly  attaching  them  to  axles 395 

White  oak,  use  for  trestles 161, 183, 187 

ties 242 

Wire-drawn  steam 410 

Wires  and  pipes,  used  in  block  signaling 393 

Wooden  box  culverts 222 

spikes   for  filling  spike  holes 246,  292 

Wounds,  treatment 45 

Yard-engine  expenses 489 

YARDS  AND  TERMINALS.— Chap.  XIII. 

Yards,  definitions 377 

engine 384 

general  principles 378 

hump 380 

ladder  tracks 381 

minor  freight 379 

transfer  cranes 383 

track  scales 382 

value  of  proper  design 376 

Zinc-creosote,  emulsion  process 254 

two-injettion  process 255 

-tannin  process  for  preserving  timber 253 


